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PREFACE 


The burgeoning interest in prostate diseases and cancer, driven by increasing 
public awareness as well as advances in treatment, will increase the need for 
high-quality prostate ultrasound. Satisfying this demand will require a con- 
siderable service expansion, but it is doubtful whether this can be fulfilled 
by medical personnel alone, whether urologists or radiologists, and we are 
sure that paramedics, specialist nurses or sonographers will increasingly be 
recruited. 

When any service provision is widened, there is an understandable con- 
cern about proper training and ensuring that a high standard of excellence is 
maintained. At the moment there are no agreed guidelines on the minimum 
training requirements for transrectal ultrasound (TRUS), though some draft 
documents are under consideration. These emphasise knowledge of ultra- 
sound physics and equipment, as well as familiarity with the common dis- 
eases of the prostate. In recognition of these trends this book has been 
produced. It presents the subject in a simple, logical manner. The underpin- 
ning fundamentals, such as the physics of ultrasound and equipment details, 
are presented briefly and pertinently, but most of the book is concerned 
with the practical aspects of prostate scanning and biopsy. The detail is thor- 
ough enough that a practitioner will be able to set up and run a safe, accu- 
rate prostate assessment clinic. 


Uday Patel MB ChB MRCP FRCP 
David Rickards MB BS FFARCS FRCR 
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1. TRANSRECTAL ULTRASOUND — 
ULTRASOUND PHYSICS AND 
EQUIPMENT 


Prostate ultrasound has a short history, and its general application only 
started about 15 years ago although the first experimental transrectal scans 
were performed in the late 1970s. Viewed now, early medical ultrasound 
images seem to be barely credible, and it is a testimony to the vision of 
those early pioneers that they persevered and that we are now able to view 
the gland with such ease and precision. This chapter expands on the basics of 
the physics and the current equipment used in transrectal ultrasound. 


Theoretical principles of medical ultrasound 


The grey-scale image 

Diagnostic ultrasound images are formed from the interaction between 
sound waves in the megahertz range and human tissues. The fundamental 
physics of sound still applies: the sonic beam is reflected, absorbed and 
refracted at tissue interfaces as it passes through the body. Of these interac- 
tions, the most basic is exploited for common ultrasound or grey-scale 
imaging — the amount of the beam reflected back. The reflected echo is 
detected by the ultrasound probe, processed to amplify the signal and 
suppress background noise, and finally assigned a value on a grey scale 
proportionate to the strength of the returning signal. This, together with 
positional information, is used to build the familiar grey-scale ultrasound 
image — an image composed from numerous individual grey points (or pix- 
els). 

Reflection is principally dependent on the density gradient presented by 
the interface. Human organs and tissues are generally of similar densities 
and provide examples of weak density gradients that reflect hardly any of 
the sound beam. In contrast, calcium — such as a renal or prostate calculus — 
presents a dense surface, and because of this high density most of the sound 
is reflected and hardly any penetrates. The formula for this interaction is 
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given in Box 1.1, and the effects of different interfaces on sound reflection 
are shown in Table 1.1. 


Box 1.1 Reflection of sound waves as they pass through 
human tissues 


% of beam reflected = [Z, — Z,/Z, + Z}? X 100 
where: Z, = acoustic impedence of medium 1 

Z, = acoustic impedence of medium 2 
(acoustic impedance = density of medium X velocity of sound in 


medium) 

Interface Percentage of beam reflected 
Air-soft tissue of) 

Bone-soft tissue 30 


Fat—soft tissue | 
Urine-soft tissue 0.1 


Muscle-soft tissue 0.01 


Density gradients within soft tissues and organs like the prostate gland 
are weak, and the ultrasound image of the prostate gland is therefore rela- 
tively homogenous. However, modern ultrasound equipment is powerful 
enough to amplify even weak intra-tissue reflections, and the slightly denser 
glandularity of the peripheral zone means it is hyperechoic (or brighter) 
compared to the central tissues. Similarly, the edges of structures such as 
the urethra and ejaculatory ducts present sharp echo gradients and become 
sono-visible. 


The colour Doppler image 

Sound beams also change in frequency when reflected off a moving surface. 
This is the Doppler effect, which also accounts for the crescendo/de- 
crescendo sound of a moving train whistle. In living bodies the red blood 
cells of arteries and veins present a moving interface, and the change in fre- 
quency of the sound as it is bounced of the walls of these cells is sufficient to 
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be detected by the ultrasound probe. From this frequency change the veloc- 
ity of the moving surface (red blood cells) can be calculated using the simple 
mathematical formula shown in Box 1.2. 


Box 1.2 The Doppler effect 


Sound waves are reflected by a moving interface: 
Af = 2F V/V, (cos 9) 


where: Af = frequency change (Doppler shift) 
F = frequency of sound emitted by the probe 
V, = velocity of blood 
V, = velocity of sound 
cos § = cosine of angle between sound beam and direction of 


blood. 


(Note the dependency on the angle of incidence of the beam. 
Effectively, at an angle >60° flow may not be detected.) 


The velocity change is assigned a value on a pre-chosen colour scale, to 
form a colour Doppler image — sometimes also called the colour velocity 
image. The most popular scale presents flow towards the probe as red, and 
away from the probe as blue. Conveniently, arterial flow is generally 
towards the probe and venous flow away; thus an image is created that is 
readily assimilated by the observer. An alternative presentation of velocity 
information is as an absolute velocity and waveform — duplex Doppler. This 
is useful in the study of large artery haemodynamics, but so far has not been 
of value in the prostate gland. 

‘Power’ Doppler, sometimes also called colour energy imaging, is a fur- 
ther method of vascular mapping. Its physics is more complex, but essen- 
tially it is independent of the velocity of blood flow, depicting what may be 
loosely termed ‘total blood flow’. In the prostate gland either modality can 
be used interchangeably, but ‘power’ Doppler is very sensitive to artefact 
and noise. In the prostate gland, power Doppler hasn’t been proven supe- 
rior to ordinary colour Doppler. 
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Equipment for scanning 


An ultrasound machine has three major parts: the computers housed in the 
main framework; a display console; and the ultrasound probes. The machine 
itself is little more than a powerful computerised information processing 
unit, and the console is not dissimilar to any television or computer moni- 
tor. The innovative components lie in the probes. 

Modern ultrasound probes are multiple arrays of solid state electronic 
units, capable of both sending and receiving the ultrasound beam. However, 
advances in ultrasound have as much to do with improved computer soft- 
ware and processing power as with improved probe design. Images are now 
presented with much better anatomical clarity, by automatic suppression of 
the noise and sonic clutter that can degrade visibility. Modern ultrasound 
machines, like computers, have also become much easier to use. Some of 
the basic handheld systems coming onto the marketplace are not dissimilar 
to home computers and are as user-friendly. Now, with most machines, all 
that is necessary is to choose the correct probe and activate the appropriate 
imaging parameters from a simple user-friendly menu. 

Nevertheless there is still much scope for individual manipulation and 
improvement of the image, which may be necessary in patients with big or 
dense glands. Of the many variables the commonly used ones are given 
below, but not all machines have the full number of controls available (Fig- 
ure 1.1). 


Variables useful for improving the grey-scale image 

1. Output power. This is the power of the emitted sound in decibels. The 
higher the power the stronger is the reflected signal, and the whole 
image becomes brighter. 

2. Receiver gain. This selectively amplifies the returning signal, like the vol- 
ume control on a hi-fi amplifier. Power and gain often have the same end 


Figure 1.1 (a) The layout of an ultrasound machine. The main features used for 
improving the quality of the grey-scale or colour Doppler image are shown. Note that 
the layout will vary between machines, and not all makes have the full range of 
controls as shown. 


(b) Line drawings of a typical grey-scale and colour Doppler image. The main 
indicators of the chosen image characteristics are shown. Note, however, that the 
layout will vary according to the make of machine. 
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effect, making the overall image lighter or darker. However, with judi- 
cious use the signal can be improved over noise. Theoretically gain is 
preferred, as a high output power can result in local heating, although no 
harmful effects have been demonstrated from the routine use of diagnos- 
tic ultrasound. 

3. Time—gain (T—G) compensation. These sliding controls provide a more 
refined method of sound amplification, as specific depths or distances 
from the probe surface can be selectively manipulated. Modern probes 
are designed to work optimally at an even T—G curve, but with a large 
gland the near gain should be set low near the surface and gradually 
increase with depth — that is, a diagonally increasing T—G curve. 

4. Transmit or focal zone. This is the optimal focal point of the probe, and it 
should be set at the distal edge of the gland or at the depth of specific 
interest. Multiple focal points can be chosen on some machines, ensur- 
ing that all levels of the gland are seen at best focus. 

5. Preset applications menu. The power, gain, transmit zone, etc., are preset 
for the organ of interest. For the prostate gland, this means simply 
choosing TRUS or Prostate from the menu. This is a very useful feature 
in modern machines, and can be set as the default application to be acti- 


vated whenever the machine is switched on. 


Some further options may be present, e.g. frame rate, line density, grey- 
scale mapping and sector size. These options are rarely necessary in every- 
day practice. 


Variables useful for improving the colour Doppler 

signal/image 

1. Colour power/gain. This increases the sound output or amplifies the 
returning signal. For optimal viewing it should be slowly increased until 
random noise or artefacts are seen in the tissues, and then reduced until 
these signals are just abolished. 

2. Wall filter. This selectively suppresses low-frequency signals and is there- 
fore a way of controlling background noise — ‘noise’ is generally of low 
frequency. For the prostate, a low filter is necessary because of slow 
flow. However, too low a filter will cause background noise from tissue 
‘signals’ due to motion artefact. 

3. Velocity scale. This sets the range of the velocities depicted. For colour 
Doppler the range is in the form of a colour scale, commonly from neu- 
tral to increasing red (for positive velocity) or blue (for negative velo- 
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city). In the prostate gland normal velocities are in the low range, around 
4 cm/s (although this will vary with different machines), and a limited 
scale is chosen or flow will not be seen. However, if the velocity scale is 
set too low, both flow and background noise will be seen. Scale and wall 
filter need to be adjusted reciprocally till optimal visualisation is achieved 
—i.e. good visualisation of glandular flow, but no tissue noise. 

4. Focal depth. See grey-scale focal zone, above, but multiple focal points 
slow the image significantly. 

5. Colour window. This is the area of the screen in which colour Doppler sig- 
nals are measured. It should be set large enough and positioned so as to 
encompass the entire gland, as asymmetry of flow is a key assessment. 


Transrectal probes 

The prostate gland is best visualised with a transrectal probe, as this allows 
close-contact scanning. Conveniently, there are few interfering tissue planes 
when the gland is approached across the rectal wall. In particular, there are 
no intervening bowel loops. Probe designs vary between manufacturers, 
and have evolved in the last 25 years (Figure 1.2). The original probes were 
mounted in a chair or commode, with the probe protruding skywards from 
the seat. The designs bring to mind medieval torture instruments and were 
highly inconvenient for both operator and patient. Understandably, the 
wider applicability of transrectal ultrasound had to await the manufacture of 


light, handheld transrectal probes. 


Probe design — true cross-sectional versus end-firing probes 

Originally, separate handheld probes were necessary for transverse and lon- 
gitudinal scanning, but biplane imaging is now possible with a single device 
either housing two separate transducers which can be individually selected, 
or with a single curved transducer at the tip — the end-firing probe. The for- 
mer design is a common choice in urology departments. Radiology depart- 
ments prefer the latter, as transvaginal scanning is also possible with the 
end-firing probe. 

However, probe design influences both the scanning method necessary 
and the images obtained (Figure 1.3). Undoubtedly, the biplane probe is 
easier to master, as it merely has to be inserted and advanced/ 
withdrawn/rotated to visualise the entire gland. Arguably, the view is also 
more accurate as the gland is viewed in true cross-section. In contrast, the 
end-firing probe has to be turned 180° to change from transverse to longi- 


tudinal scanning, and a rocking or sweeping motion is necessary for 
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Transrectal probes 


End-firing probe 


True transverse/axial probe 


T 


True longitudinal/sagittal probe 


Biplane probe 


Figure 1.2 The main types of transrectal probes available. The end-firing probe 
allows both transverse /axial and longitudinal/sagittal scans, by rotating the probe 
through 90°. The true transverse and longitudinal probes may be separate or 
combined onto one shaft. Each transducer is individually selected as required. Note 
that the design of the probe has a bearing on the type of movement necessary to 
visualise the whole gland and the final image obtained (see Figure 1.3, and the 
figures in Chapter 4). 


complete visualisation. The gland is viewed in multiple oblique or orthogo- 
nal planes, and not in true transverse or longitudinal cross-section. 

In practice this is not important, as with either design full glandular 
scrutiny is achieved. However, these differences should be remembered 
when viewing or using different machines. An operator who is solely famil- 
iar with one type of probe will find orientation difficult when handed the 
alternative probe design. However, if true anatomical views are required, 
e.g. for prostate brachytherapy, then the biplane probe is essential. 
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Transverse/axial plane - end-firing probe 


Symphysis 
a 
Urinary SS Urethra 
bladder 
Prostate 
gland 
Seminal 


vesicle 


Rectum Transducer 


Note: To survey the prostate, the 
transducer is inserted into the rectum 
and rotated into an axial plane and then 
rocked to and through from the base 

to apex. Thus the probe fans through 
the gland and the views are not in a true 
axial plane. 


(ai) 


Figure 1.3 The different types of scanning methods necessary depending on probe 
design. Undoubtedly, the true transverse and longitudinal (Figure 1.3b and c) probes 
are easier to master, as the movements required are intuitive. Note also the very 


different images produced, particularly in the longitudinal plane. 
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Longitudinal/sagittal probe - end-firing probe 


Urinary Urethra 


bladder 


Prostate 
gland 


Seminal 
vesicle 


Rectum Transducer 


Note: To survey the prostate, the 
transducer is inserted into the rectum 

and rotated side to side. 

Thus the probe fans through the gland, 
and the views are not in a true longitudinal 
plane. 


(aii) 


Probe frequency 

Transrectal probes work at an intermediate medical ultrasound frequency 
range of between 5 and 10 (usually 7.5) MHz, and in the most modern 
designs multiple frequencies are used (say 5—9 MHz) or the frequency can 
be individually chosen. The higher the frequency the better the resolution, 
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Transverse/axial probe 


Urinary Urethra 


bladder 


Prostate 
gland 


Seminal 
vesicle 


=> 


Rectum Transducer 


Note: To survey the prostate transversely, 
the transducer is inserted into the rectum 
and then withdrawn sequentially to examine 
the prostate superiorly (base) to inferiorly 
(apex). True axial views are seen. 


(b) 


but the penetration is poorer. For a large gland 5 MHz may be required to 
visualise through to the outer edge, but in practice 7.5 MHz is adequate for 
most glands. 
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Longitudinal/sagitial probe 


Urinary ss I AH N... Urethra 
bladder 


Prostate 
gland 


Seminal 
vesicle 


Rectum Transducer 


Note: To survey the prostate longitudinally, 
the transducer is rotated clockwise, and 
counterclockwise to examine the prostate 
from one lateral edge to the other. 

True longitudinal views are seen. 


(0) 


Key points about TRUS physics and equipment: 


1. Ultrasound images are based on the amount of sound reflection 

2. Gain, Power, Focal Zone/Depth, Velocity scale and wall filter are 
most important in improving the grey scale or colour image 

3. TRUS probes may be end-firing or true transverse/longitudinal and 
each requires a slightly different scanning method 
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2. TRANSRECTAL ULTRASOUND — 
TECHNIQUE 


This chapter highlights the practical aspects of transrectal scanning of the 
prostate gland. A rectal enema is not essential, but an empty rectum is help- 
ful and patients are requested to empty their bowels prior to arrival. A 
patient information sheet about the procedure and its application is useful, 
as any anxieties or questions can be clarified prior to the examination. An 


example of a patient information sheet is given in Appendix A. 


Patient positioning 


Either the lithotomy or left lateral position is used. The latter is preferred, 
particularly with the end-firing probe, as imaging of the gland apex is easier 
and more comfortable for the patient. 

A preliminary rectal examination will detect any rectal abnormalities or 
anal stenosis, and allow digital examination and correlation of the prostate 
gland. A well-lubricated condom-covered probe is then introduced per rec- 
tum. Gentle, slow introduction will relieve any voluntary or involuntary 
anal sphincter tone. The natural tendency for the patient to hold his breath 
on probe introduction, thus inducing a Valsalva manoeuvre and further 
increasing anal sphincter tone, can be reduced by asking him to take deep 
breaths through an open mouth. Helpfully, this also distracts him during this 
highly anxious moment. If this step is accomplished without too much dis- 
comfort, the remainder of the examination and biopsy will be easier for 
both the patient and the operator! 


Transrectal ultrasound scanning 


The probe and machine settings are optimised (see Chapter 1). A systemic 
scanning method should be used, and the following sequence ensures 


thorough gland scrutiny. 
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1. The probe is first advanced all the way up to the seminal vesicles. The 
natural course of the rectum should be remembered, and the probe 
should be tilted slightly dorsal once past the anus to facilitate full 
advancement. 

2. The volume of the gland is measured by recording the height, width and 
antero-posterior diameter of the gland, and using the formula: 


Volume = height x width x length x 0.52 


For the length, the midline in the longitudinal plane is used, and is the 
distance between the bladder neck and the external urethral sphincter. 
The midline is best appreciated by looking for the relative hypo- 
echogenicity of the muscles around the prostatic urethra. The external 
sphincter is also relatively hypoechoic. The width is measured on the 
largest transverse view as the gland is scanned from top to bottom. To 
measure the height, either view is used, but the longitudinal scan has 
been shown to be more accurate and reproducible (Figure 2.1). The for- 
mula given above is the one in common use. Some further methods are 
given in Box 2.1. 

3. The gland is then scanned systemically in both planes. Images should be 
recorded in the superior, mid- and lower transverse planes and the mid- 
line, and left and right longitudinal planes. Standard orientation for the 
recording of images is given in Figures 2.2, 4.1, 4.2 and 4.3. 

4. Note is made of the overall echo-texture of the gland and any 
hypo/hyperechoic areas recorded, as well as any nodules, their appear- 
ance and location, and the symmetry of the gland outline, particularly of 


Figure 2.1 Measurements taken to calculate prostate volume. The width of the 
gland is measured in the transverse /axial plane. For the length, the base of the gland 
and the apex, adjacent to the external sphincter, need to be identified in the midline 
of the gland. The depth is most accurately measured in the longitudinal plane. 
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Box 2.1 Methods for calculating prostate volume 


Three methods are in general use: 


e Height X width X length x 7/6 (or 0.52) 

e 17/6 (transverse diameter)? 

* Step planimetry. 

Of these, the last is the most accurate and the reference method, but it is 
inconvenient. The first is increasingly inaccurate at >80 ml. 


Anterior Anterior 


Cephalad Caudal 


Prostate 


(a) Transverse/axial view (b) Longitudinal/sagittal view 


Figure 2.2 Orientation of images. Standard orientations of all ultrasound images 
are: (a) transverse / axial — patient’s right-hand side is presented on the left-hand side 
of the image; (b) longitudinal / sagittal — the patient’s head or cephalad end is 
presented on the left of the image. 


the peripheral zone. Abnormalities should be viewed in both planes for 
confident analysis (see also Figure 6.7). 

5. The apices, posterolateral margins and the base of the gland adjacent to 
the seminal vesicles — areas of high cancer incidence and also often over- 
looked — should be carefully scrutinised. For this, longitudinal scans are 
particularly useful. 

6. The capsule is evaluated for any bumps or breaches, indicating local 
invasion or the presence of isoechoic cancer. 

7. The neurovascular bundles are assessed for asymmetry — a sign of local 
invasion. 

8. The seminal vesicles (SV) and ejaculatory ducts (ED) are studied. The 
size of the ducts is measured. The vesicles are evaluated for dilatation in 
the transverse plane. For invasion of the SV/ducts, the acuteness of the 
angle between the SV/ED complex and the base of the gland is assessed 
in the longitudinal plane (see also Chapter 11). 
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2: 


Finally, the colour Doppler window is activated and adjusted. Gland vas- 
cularity is recorded in the transverse plane, using a slow, sweeping 
motion from the base to the apex of the gland. The entire gland should 
always be in view, and asymmetry of vascular signals noted on hard copy. 
Abnormal signals without associated grey-scale changes or nodules 
should be particularly noted, as these may be the only indication of an 
underlying tumour and the requirement for biopsy. 


The procedure is summarised in Box 2.2. 


Box 2.2 Stepwise systematic transrectal ultrasound of the 
prostate gland 


1. Measure gland volume. 

2. Scan gland in both planes, from base to apex and from side to side. 
3. Record images in: 

a) Superior, mid- and lower transverse/axial planes 

b) Midline, left and right in longitudinal/sagittal planes. 

Note echotexture, nodules and gland symmetry. 

Evaluate the capsule. 

Check neurovascular bundle symmetry. 

Assess seminal vesicles/ejaculatory ducts. 


Cot ON ae 


Perform colour Doppler imaging. 


3. GROSS AND ZONAL ANATOMY OF THE 
PROSTATE GLAND, SEMINAL VESICLES 
AND EJACULATORY DUCTS 


Although the prostate, present in few animals apart from man, is a small 
organ lying deep in the pelvis, it causes an annoyingly large number of prob- 
lems. Interestingly, that favoured companion of many men, the dog, also has 
a prostate gland and can develop prostate cancer. The word ‘prostate’ origi- 
nates with Ambroise Paré, a sixteenth-century French surgeon who believed 
that the prostate’s role was as a ‘doorkeeper’ to the bladder — a role it serves 
well, protecting the male from the minor stress leakage not uncommon 
among females of any age. 

The anatomy is somewhat complicated in that it can be classified accord- 
ing to gross or glandular anatomy, as well as by ultrasound appearances. The 
expert sonographer has to be intimately familiar with all three categories. 


The prostate gland 


Gross anatomy 
In the post-pubescent male the gland has a volume of up to 25 ml, being 
approximately 3.5 cm long, 4.0 cm wide and 2.5 cm deep from anterior to 
posterior — about the size and shape of a Victoria plum or a walnut (Figure 
3.1). For unknown reasons, though presumably hormones have a role to 
play, in the majority of men the gland increases in size with age unless they 
have been castrated before puberty. Under these circumstances the gland 
never matures and never becomes cancerous, but it’s a hefty price to pay! 
The prostate is a retroperitoneal structure, lying anterior to the rectum 
and inferior to the bladder. Between the gland and the rectum lies the 
Denonvilliers’ fascia — an obliterated peritoneal plane. Its shape conforms to 
the anatomical limitations of the deep pelvic boundaries, and it looks like an 
inverted cone or pyramid. On the sides of the cone lie the levator ani and 
obturator internus muscles. The base of the inverted cone lies against the 


bladder and the apex on the urogenital diaphragm, a fibrous supporting ring 
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Figure 3.1 Transverse /axial (a) and longitudinal/sagittal (b) views of the 
anatomy of the prostate gland and suprapubic structures. 
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THE PROSTATE GLAND 


that also contains the urethra. The gland is surrounded by the prostate cap- 
sule, which is not a true fibro-elastic capsule but a loose compression of the 
surrounding periprostatic fat and stroma, through which the neurovascular 
bundles and ejaculatory ducts pass. The capsule is deficient where the two 
urinary sphincters that maintain continence are sited. These are at the blad- 
der neck and just inferior to the urogenital diaphragm, where the distal or 
external sphincter is located. 

The deep pelvis is a restricted space and cannot accommodate significant 
gland enlargement. Beyond a certain size the gland will preferentially 
enlarge superiorly, elevating and protruding into the bladder base — so- 
called median lobe enlargement. In the past the gland was considered to be 
a lobar structure, with right and left lobes and a midline median lobe. This is 
no longer thought to be an accurate representation of the gland, but the 
terms are still used occasionally. 


Vascular anatomy 

The blood supply of the prostate is important to the imager. The gland has a 
rich arterial supply deriving from branches of the iliac arteries, accounting 
for the potential “bloodiness’ of prostate surgery. The prostate artery, a 
branch of the internal iliac artery, divides into capsular and urethral arter- 
ies. The former supply two-thirds of the gland and the latter the remainder. 
Branches of the inferior vesical artery supply the seminal vesicles, and occa- 
sionally the base of the gland (Figure 3.2). 

Santorini’s venous plexus lies anteriorly, and has small perforating vessels 
to the prostate. These are unimportant for imaging, but their connections 
with lumbar veins explain the readiness with which prostate cancer spreads 
to the lumbar spine. The neurovascular bundles lie postero-laterally, and 
contain the branch arteries, veins and nerves. They provide the main supply 
and drainage system of the prostate, and assume major importance in 
prostate surgery, especially regarding maintenance of potency. As explained 
below, this anatomical orientation accounts for the vascular appearances on 
Doppler ultrasound. 


Zonal anatomy 

Careful dissection has revealed that the gland can be split into zones. This 
view of the gland replaced its former lobar description, and was described 
by McNeal (1981). Zonal anatomy is more important than the gross 
anatomy described above, as it can be visualised on ultrasound and also has a 
bearing on cancer distribution and biopsy technique. 
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GROSS & ZONAL ANATOMY OF PROSTATE GLAND, SEMINAL VESICLES & EJACULATORY DUCTS 
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Figure 3.2 The arterial supply and venous drainage of the prostate gland. Note 
that most of the vessels cluster around the capsule, urethra and the neurovascular 
bundles. On colour Doppler, these areas will demonstrate flow and there will be poor 
parenchymal flow. 


Three glandular regions can be identified: the central, peripheral and 
transitional zones (Figure 3.3). There is a further non-glandular area called 
the anterior fibromuscular stroma. The line between the peripheral and cen- 
tral/transitional zones is referred to as the surgical capsule, and represents 
the line of dissection during some prostate operations. There is a further, 
more pragmatic, zonal terminology as explained in Box 3.1. 

The peripheral zones account for 75% of the prostate in young men, but 
with increasing age, the transitional zone increases in size due to benign 
prostatic hyperplasia (BPH) whilst the central zone atrophies and the 
peripheral zone stays static. Thus for clinical purposes the important regions 
are the peripheral and transitional zones. 
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THE PROSTATIC URETHRA 
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Figure 3.3 Zonal anatomy of the prostate gland as described by McNeal (1981). 


All structures can be identified on ultrasound, except for the central zone. The central 
zone and the transitional gland are often referred to collectively as the inner gland. 


Box 3.1 The peripheral or outer gland and the central or 
inner gland 


A separate ultrasound terminology divides the gland into the peripheral 
and central glands, or the outer and inner glands. This recognises that 
frequently it is impossible to identify the central zone as a separate 
structure. Thus the transitional and central zones are terminologically 
incorporated into a single unit — the central or inner gland. 
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Gross & ZONAL ANATOMY OF PROSTATE GLAND, SEMINAL VESICLES & EJACULATORY DUCTS 


The prostatic urethra 


The posterior or prostatic urethra runs through the gland from the base of 
the bladder to the urogenital diaphragm. It is a midline structure unless 
there is asymmetric glandular hypertrophy. It has no lumen at rest, but 
during micturition its cross-section varies from round to triangular in its 
mid-portion. The triangulated portion is the verumontanum and the ejacu- 
latory ducts drain here (Figure 3.4). There is a variable amount of smooth 
muscle around the urethra, and this, with the urothelial margin, accounts 
for its sono-visibility in the collapsed state. 

At the bladder end lies the internal sphincter or the bladder neck. It has a 
dual function, ensuring that antegrade ejaculation occurs, and providing a 
continence mechanism. The distal or external sphincter lies just inferior to 
the apex of the gland and is composed of striated muscle; this is the main 
sphincter of urinary continence. After radical prostatectomy it is the sole 


continence mechanism. 
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Figure 3.4 Gross anatomy of the seminal vesicles, ejaculatory ducts and prostatic 
urethra. 
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FUNCTION OF THE PROSTATE GLAND 


The seminal vesicles and ejaculatory ducts 


The seminal vesicles are paired sac-like structures of variable shape and size, 
and lie just posterior and superior to the base of the prostate. A degree of 
asymmetry is common. Embryologically, they are outpouchings of the vas 
deferens, and when fully formed they merge with the vas deferens to form 
the ejaculatory ducts, which enter the base of the gland. 

The ejaculatory ducts run through the prostate in the central zone, close 
to the midline — indeed the normal undilated ducts are difficult to separate 
from each other, and commonly the two are referred to as the ejaculatory 
duct complex. Their course is anterior, and they communicate with the pos- 
terior urethra at the verumontanum. The sonographic anatomy of the semi- 
nal vesicles and ejaculatory ducts is covered in Chapter 11. 


Function of the prostate gland 


Men do not require a prostate to live or reproduce, so exactly why the 
gland exists is a mystery. Its secretions account for up to 40 per cent of the 
ejaculate, and for its characteristic smell. It does secrete some substances 
that nourish sperm and neutralise bacteria. 


Key points about prostate anatomy: 


1. The gland is an inverted cone — the base of the gland lies just below 
the bladder and the apex of the gland is the most inferior 

2. The zonal anatomy is most important for TRUS 

3. The lobar anatomy is inaccurate, but is still used sometimes 
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4. TRANSRECTAL ULTRASOUND OF THE 
NORMAL PROSTATE GLAND 


With modern transrectal probes, the gross and zonal anatomy of the gland 
can be studied in exquisite detail. With transabdominal scanning the gland is 
less well seen, but some additional information about the impact of the 
gland on bladder function can be obtained. A complete prostate ultrasound 
assessment should therefore ideally include both a transrectal scan and a 


transabdominal scan or ultrasound cystodynamogram (see below). 


Ultrasound appearance of the normal prostate gland 


The sonographic appearances are a combination of the gross and zonal 
anatomy described in Chapter 3 (Figures 4.1, 4.2). The peripheral zone is of 


80dB $1/+1/2/ 4 
Gain= 8dB aA=2 


Figure 4.1 Transverse /axial image of prostate gland. This is the usual format for 
recording of ultrasound images. The zonal anatomy is well seen, with the hyperechoic 
peripheral zone (PZ) and the echo-poor inner gland (central and transitional zones — 
CZ/TZ).The arrow points to the midline urethra, which is often markedly 
hypoechoic. The width and depth of the gland are being measured. 


TRANSRECTAL ULTRASOUND OF THE NORMAL PROSTATE GLAND 
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Figure 4.2 Longitudinal/sagittal view of the gland. The peripheral (P), central (C) 
and transitional (T) zones are marked. The anterior fibromuscular (AF) stroma is also 
seen clearly. The height and depth of the gland are measured. Depth is more 


accurately measured in this view. 


a homogeneous texture (same level of echoes throughout) and is echogenic 
(brighter than the rest of the gland). The rest of the gland is heterogeneous 
(different levels of echoes) and echo-poor. Transrectal ultrasound cannot 
differentiate between the central and transitional zones. 

In transverse/axial orientation, scanning from the base to the apex of the 
gland, the paired seminal vesicles are seen first (Figure 4.3). They are usu- 
ally symmetrical and are not particularly vesicular in appearance. The vas 
deferens are medial to the vesicles and are seen just either side of the mid- 
line. Near the base, the peripheral zones are best seen as a ‘cup’ shape 
around the central or inner gland. This ‘cupping’ tendency of the peripheral 
zone is always maintained, whatever the gland size, and should be borne in 
mind, as peripheral zone interrogation is a key step in cancer identification. 
Note also that the lateral margins are almost all peripheral zone, and this is 
an area of high cancer incidence. Further towards the apex, the central and 
transitional zones become the more dominant components of the gland 
(Figure 4.4). It is generally impossible to identify the central zone as a sepa- 
rate entity, but the ejaculatory ducts, which lie within this zone, indicate its 


position. 
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Figure 4.3 Montage of images of a normal prostate gland. The top right-hand 
image shows normal seminal vesicles, and the top left-hand image shows the base of 
the gland in transverse / axial views. The lower left-hand image is a midline 
longitudinal / sagittal view of the gland, and the lower right-hand image shows a 
normal para-longitudinal view, with the apex seen to the extreme right of the gland. 


Figure 4.4 The peripheral zones in this young man’s prostate are relatively large, 
and are seen to ‘cup’ the inner gland. The central zones (CZ) are seen between the 
echo-poor transitional zone around the urethra and the relatively hyperechoic 
peripheral zone (PZ), but this is an unusual finding. 
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TRANSRECTAL ULTRASOUND OF THE NORMAL PROSTATE GLAND 


However, normal ultrasound anatomy changes with age. The transitional 
zone accounts for an increasing percentage of the gland with advancing 
years, and compresses the peripheral zone into a thin strip. The whole 
prostate appears to be defined peripherally by an echogenic capsule ( 

5). This is referred to as the ‘true’ prostatic capsule, but actually repre- 
sents compressed periprostatic fat and stroma rather than a pathologically 
definable tough fibro-elastic capsule — hence the propensity with which 
prostate cancer infiltrates locally. The surgical capsule is a surgical entity, 
and refers to the echogenic line between the more hyperechoic peripheral 
gland and the less dense inner gland (see 24.5). 

In longitudinal/sagittal section, the walls of the urethra can be seen in 
the midline in the non-enlarged gland ( = ). With increasing 
size there is accompanying hypertrophy of the peri-urethral smooth muscle, 
and the peri-urethral tissues become markedly hypoechoic and increasingly 


Figure 4.5 A transverse/axial view taken with a true transverse scanning probe (see 

Figures 1.2 and 1.3). Note that it looks relatively flattened posteriorly compared to 
and 4.4, which were taken with an end-firing probe. The large arrow 

marks the surgical capsule, which divides the inner / central from the outer / peripheral 


gland. 
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ULTRASOUND APPEARANCE OF THE NORMAL PROSTATE GLAND 


Figure 4.6 Midline longitudinal/sagittal view showing the urethra (arrowed) with 
no muscular hypertrophy. The edges of the urethra are clearly seen. The bladder neck is 
normal (asterisk), and the seminal vesicles are seen to enter the base of the gland at 
an acute angle (arrowhead). 


Figure 4.7 Midline longitudinal/sagittal view of the external sphincter and 
membranous urethra, just beyond the gland apex (A). The arrow points to the pubic 
symphysis and the attachments of the levator ani muscles. 


TRANSRECTAL ULTRASOUND OF THE NORMAL PROSTATE GLAND 


unidentifiable. This sometimes makes size measurement difficult. Just either 
side of the midline, the ejaculatory ducts appear as echo-poor curvilinear 


structures that terminate in the urethra at the verumontanum (Figures 4.8, 


Figure 4.9 A view taken using a 
true longitudinal / sagittal probe. 
Note the flattened appearance of the 
gland. (See also Figure 10.6, and 
compare these two views with 
Figures 4.2, 4.6 and 4.7, all of 
which were made using an end- 
firing probe.) The ejaculatory ducts 
are marked (arrow). A relatively 
flattened prostate is also seen with a 
true transverse probe, as shown in 


Figure 5.2. 


VASCULAR AND COLOUR DOPPLER APPEARANCE OF THE NORMAL PROSTATE GLAND 


Vascular and colour Doppler appearance of the normal 
prostate gland 


Normally, blood flow is seen in the pericapsular arteries, the neurovascular 
bundles and the peri-urethral vessels ( ). There should be little 
parenchymal flow, and even then it usually follows the margins of the surgi- 
cal capsule. In particular, there should be no significant flow within the 
peripheral zone. Transitional zone or central gland flow is less predictable, 
and occasionally flow may be seen in the presence of significant benign pro- 
static hyperplasia, but often it is around large hyperplastic adenomas. 

An important consideration is the symmetry of flow. A focal area of sus- 
tained high-level flow in the peripheral zone is usually abnormal. Flow may 
also be seen in the periprostatic venous plexus, especially on the left, when 
the patient is in the left lateral position. 


Figure 4.10 Colour Doppler picture of normal prostate vascularity. Flow is 


particularly well seen as this is an example of a ‘power’ or colour energy Doppler, 
which is more sensitive than normal colour Doppler. Note that the flow is markedly 
symmetrical. 
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TRANSRECTAL ULTRASOUND OF THE NORMAL PROSTATE GLAND 


Transabdominal ultrasound appearances of the prostate 
gland, and the ultrasound cystodynamogram 


Transrectal ultrasound is the only method for close sonographic anatomical 
scrutiny of the prostate gland. However, an important aspect of prostate 
imaging is to establish the effect that prostate pathology has upon the function 
of the lower urinary tract — i.e. whether the bladder empties completely, etc. 
To achieve this in detail requires formal urodynamics, which although very 
informative is an invasive test. A lesser test, while still very informative, is the 
ultrasound cystodynamogram (USCD). This involves combining transabdomi- 
nal scanning of the bladder and prostate with a urinary flow rate. 

The USCD has only a limited role in assessment of the prostate gland, 
and it has no role in determining zonal anatomy or the presence of prostate 
cancer. Size can be assessed, albeit inaccurately, but, importantly, informa- 
tion can also be extracted about the effect of the gland on bladder function 
(Box 4.1, Figures 4.11, 4.12). The fact that a patient can empty his bladder 
is of little clinical value. How he empties it is important. In contrast, no 
functional information can be obtained from transrectal scans of the 


prostate alone. 


Figure 4.11 Transverse/axial transabdominal view of a well-distended bladder. The 
wall is of normal thickness (<5 mm). 
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TRANSABDOMINAL ULTRASOUND APPEARANCES OF THE PROSTATE GLAND 
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Figure 4.12 Normal uroflowmetry. 


Box 4.1 The ultrasound cystodynamogram 


Anatomical information relevant to the prostate gland and its effects on 


the bladder: 


Bladder wall thickness (Figure 4.11). This should be <5 mm. 

2. Bladder volume, measured by scanning in two dimensions. The for- 
mula is the same as for the prostate gland, i.e. 0.52 (height width 
x depth). 

3. Prostate volume can also be estimated by scanning in two dimen- 
sions at right angles to each other, but it is not accurate and is 
frankly a waste of time. 

4. Distal ureteric anatomy. In the presence of a significant post-mic- 
turition residue the upper tracts may decompensate with hydro- 
ureter and hydronephrosis. 


Functional information: 
After scanning, the bladder is emptied into a flowmeter and the 
following information is calculated (Figure 4.12): 


Voided volume 

Maximum flow rate 

Average flow rate 

Flow pattern 

Post-void bladder residue (an empty bladder has <20 ml). 
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TRANSRECTAL ULTRASOUND OF THE NORMAL PROSTATE GLAND 


Test conditions need to be optimised for reliable flowmetry. Pre-micturi- 
tion bladder volumes need to in excess of 200 ml, and preferably more, so 
that the patient has a strong desire to void. However, overfilling patients will 
also introduce inaccuracies. The ultrasound cystodynamogram completes 
the clinico-sonographic evaluation of prostate disease. 


Key points about normal TRUS appearances of the prostate 
gland: 


1. The peripheral zone is hyperechoic and the transitional zone 
hypoechoic 

2. The appearances change with enlargement — the peripheral zone 

becomes thinner 

The gland shape depends on the type of TRUS probe used 

Usually the central zone is not identifiable as a separate area 

The prostatic capsule, although seen, is not a true capsule 

Flow on colour Doppler is symmetrical 

The USCD complements TRUS evaluation of the prostate gland 


SON a N 
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5. TRANSRECTAL ULTRASOUND OF THE 
ABNORMAL PROSTATE — COMMON 
BENIGN CONDITIONS 


Transrectal ultrasound can provide useful, and at times diagnostic, informa- 
tion on many benign diseases and conditions of the prostate gland. The com- 
monest two are covered in this chapter: benign prostatic hyperplasia and 
prostatitis. Malignancy and uncommon prostate diseases are described in 
subsequent chapters. 


Benign prostatic hyperplasia 


Probably the most common pathological process to affect man, virtually all 
men over 50 years of age will have benign prostatic hyperplasia (BPH). 
Most will be asymptomatic, but not all are so fortunate, and some 60 per 
cent of men over 60 years of age will have symptoms ranging from a minor 
inconvenience to distressing urinary frequency or obstruction. Stromal BPH 
develops around the peri-urethral tissues, but the main element is in the 
transitional zone and is glandular in nature. The enlarging transitional zone 
compresses the peripheral and central zones, and it is the former that 
impinges on the urethral lumen and bladder neck, causing symptoms of 
outflow obstruction. Histologically, there is an increase in the number of 
cells (hyperplasia) and the size of those cells (hypertrophy); hence the dif- 
ferent names given to the same condition. More recently, smooth muscle 
tone has been recognised as an important determinant of outflow obstruc- 
tion in the presence of BPH. 


Transrectal ultrasound appearances of benign prostatic 
hyperplasia 

Transrectal ultrasound appearances of BPH are summarised in Box 5.1. 
Glandular enlargement is the most striking finding. Early BPH increases the 
anteroposterior dimension of the gland to greater than 2.5 cm due to 


enlargement of the transitional zone. With increasing enlargement, elevation 


TRANSRECTAL ULTRASOUND OF THE ABNORMAL PROSTATE — BENIGN 


of the bladder base and compression of the peripheral zones occur. Enlarge- 
ment may be mainly nodular, and echogenic discrete nodules can be mixed 
with heterogeneous areas. Cystic degeneration of hyperplastic nodules may 
also feature. The overall echo pattern reflects the relative amounts of glan- 
dular and stromal tissue. The enlargement is almost always symmetrical, and 
the peripheral capsule of the gland is intact. Asymmetrical enlargement can 
be confusing, as it is more commonly seen in malignant glands. There is no 
diagnostic feature to distinguish between these two very different diagnoses; 
only biopsy will differentiate. Increased flow on colour Doppler is seen, 
generally around the hyperplastic nodules, but this observation is of little 
clinical value. 

Occasionally, BPH may not be associated with any prostatomegaly; the 
peripheral zones may be compressed at the expense of the enlarging transi- 
tional zones and still be associated with bladder outflow obstruction. In 
short, there is poor correlation between the degree of BPH or the gland size 
and the symptoms of obstruction; hence, the value of an additional func- 
tional study, such as the USCD. 


Box 5.1 TRUS findings in BPH 


1. Gland enlargement — in two-thirds of cases the central gland is het- 
erogeneous, in the rest it is of homogeneous echo texture (Figures 
5,32) 

2. Thinning of the peripheral zone (Figures 5.3, 5.4) 

3. Nodules in the central gland — these may be hyperechoic, hypo- 

echoic or mixed, and have well-defined boundaries (unlike malig- 

nancy) 

The capsule may bulge, but crucially it is always intact 

Cystic degeneration of nodules 

The urethra may be distorted by asymmetric enlargement 


Sey oe 


The bladder base is elevated (this is the ‘median lobe’ enlargement 
according to the lobar definition of the gland, a term still sometimes 


used). 
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BENIGN PROSTATE HYPERPLASIA 


Figure 5.1 Transverse scan showing early benign prostatic hyperplasia. Note the 
heterogenous texture of the inner gland (arrow) and the increased hypogenicity 
around the urethra, indicating muscular hypertrophy. 


Figure 5.2 Transverse scan showing mild benign prostatic hyperplasia with 
thinning of the peripheral zone (PZ). As this progresses, the surgical capsule (the line 
between the inner and outer glands) becomes gradually better defined. In this case the 
inner gland maintains a homogeneous echo-texture (arrow). 
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TRANSRECTAL ULTRASOUND OF THE ABNORMAL PROSTATE — BENIGN 


Figure 5.3 Severe benign prostatic hyperplasia. The peripheral zone is a thin strip 
(arrow). The severity of BPH and enlargement on TRUS does not correlate well with 
the presence or degree of bladder obstruction. For functional information, an 
ultrasound cystodynamogram has to be carried out (see 


Figure 5.4 Transverse 
scan showing BPH. A 
large inner gland 
isoechoic adenoma is 
being measured (between 


calipers). 


BENIGN PROSTATE HYPERPLASIA 


Functional relevance of prostate gland enlargement: the 
ultrasound cystodynamogram 

Unfortunately TRUS provides no information about the functional impor- 
tance of BPH and outflow obstruction. Although simple transabdominal 
ultrasound is of limited value in the assessment of BPH, when combined 
with flowmetry ( ) and post-void residual measurement the 
relevance of BPH on bladder function can be quantified. This simple test is 
indispensable in the monitoring and management of BPH. A variety of pat- 
terns of flowmetry and bladder emptying may be seen, as shown in Tal 


Although other patterns can be seen, these are the important ones to 
recognise. The presence of diverticula or bladder stones is further evidence 
of obstruction. The USCD is most useful in the follow-up of patients, and in 
those to whom some sort of treatment is being given, whether surgical or 


medical. 


Figure 5.5 Longitudinal transabdominal scan showing that the bladder wall has 


undergone hypertrophy as a result of the urethral obstruction secondary to prostatic 
enlargement. This type of functional information cannot be acquired by transrectal 
prostate scanning (see also ). 
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Results of uroflowmetry 


50 ml/s Voiding time T100 39 s 
Flow rate Flow time TQ 37 S 
Time to max low TQmax 14 s 

Max flow rate Omax 13.4 ml/s 

Average flow rate Qave 6.6 ml/s 


Voided volume Vcomp 246 mli 


Figure 5.6 Uroflowmetry trace showing moderate outflow obstruction, with 
maximal flow rate less than 15 ml/s. Note the flattened curve. The delayed time to 
maximal flow (should be <5 5). 


Transrectal ultrasound appearances following transurethral 
resection of the prostate 

Transrectal ultrasound may be useful in evaluating those men who suffer 
recurrent obstruction or complications following transurethral resection of 
the prostate (TURP) (Box 5.2). TRUS tends to underestimate the size of a 
TURP cavity unless patients are examined with moderately full bladders. 
Suprapubic manual compression of the bladder whilst scanning will also 
enhance the TURP cavity. A good cavity is 1—2 cm in diameter and extends 
towards the apex of the gland (Figure 5.7). 


Figure 5.7 
Longitudinal scan 
showing a good and 
wide defect after 
transurethral resection 


of the prostate. 


BENIGN PROSTATE HYPERPLASIA 


1. Normal flow rate — normal US anatomy — complete emptying 
Seen in men voiding with high bladder pressures against early 
outflow obstruction as well as unobstructed normal men. 


20 ml/s | pre 


30s 


2. Low flow rate — thickened bladder wall — elevated bladder base — complete bladder emptying 
Characteristic of bladder outflow obstruction due to BPH. Prostate cancer alone is an 
uncommon cause of outflow obstruction. 


[A MaM 
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30s 


3. Low flow rate — thickened bladder wall (Figure 5.6) — elevated bladder base — incomplete bladder emptying 
Suggests severe outflow obstruction with detrusor decompensation resulting in residual urine. 
Such men complain of pis en deux, i.e. having to urinate again within a few minutes. 


20 ml/s | 
30s a z 


4. Low flow rate — normal bladder wall - elevated bladder base — incomplete emptying 


Suggests a failing bladder due to obstruction. 
20 ml/s | C) 
5. Low flow rate — thickened bladder wall — large post-void residue and dilated distal ureters. 


30s 
This is an important combination to recognise, indicating high pressure chronic retention. 
This condition can be lethal because of progressive renal failure. 


L Oe 


post 
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TRANSRECTAL ULTRASOUND OF THE ABNORMAL PROSTATE — BENIGN 


Box 5.2 Compromised cavities after transurethral resection 
of the prostate occur because of: 


Inadequate resection. TRUS will show a tiny cavity or none at all. 

2. Bladder neck stricture. A midprostatic cavity may be seen with a 
closed echogenic bladder neck. 

3. Recurrent hyperplasia. An adenoma will be seen reducing the TURP 
cavity. 

4. Prostate cancer. Usually, an echo-poor mass can be seen impinging 
upon the TURP cavity. 


Normal cavities and recurrent symptoms occur when a distal sphincter 
or urethral stricture form as a complication of surgery. Surgery can also 
cause strictures of the ejaculatory ducts and they may be dilated. 


Prostatitis 


Prostatitis is a difficult condition to diagnose and treat, and can trouble 
patients for years. The most common form is nonbacterial prostatitis, which 
gives rise to perineal, gonadal or urethral discomfort, urinary frequency 
and pain on micturition. Expressed prostatic excretions contain pus cells 
but no bacteria. Its cause may be either intraprostatic reflux of urine, which 
occurs with bladder neck obstruction, or because some men produce 
unusually thick prostatic secretions that cannot drain down the prostatic 
ducts into the posterior urethra. 


Transrectal ultrasound appearances in prostatitis 
On TRUS, a combination of abnormalities have been described, as in Box 
ee 

However, all these findings are non-specific (Figure 5.8). The indication 
for TRUS is to try to confirm the clinical suspicion, and finding any three of 
those listed in Box 5.3 would be enough. TRUS, particularly colour flow 
(Figure 5.9), is useful in monitoring therapy and in providing reassurance to 
sufferers that there are no sinister connotations. It can also exclude a prosta- 
tic abscess (Figure 5.10) in those with severe, acute prostatitis. 
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PROSTATITIS 


Box 5.3 TRUS findings in prostatitis 


Echogenic foci in the transitional or central zones 
Prominence of the periprostatic venous plexus 
Thickening of the ‘capsule’ of the gland 

Calcific foci 

Increased flow on colour Doppler 


Nm BW NH Ke 


Evidence of intraprostatic reflux, i.e. dilated ducts, subcapsular fluid 
collections. 


Figure 5.8 Inner gland (left central zone, seen to the right of the picture) 


calcification in a man with prostatitis. This is a non-specific finding, which is said to 


be associated with chronic prostatitis. 


A separate entity, granulomatous prostatitis, has more distinct clinical 
and ultrasound features. Typically, nodule(s) can be palpated in the posterior 
gland, and on ultrasound bulging nodule(s) of mixed echo-texture may be 
seen ( ). The capsule and the periprostatic fat planes are intact 
and the nodule is well defined. Occasionally the nodule is hypoechoic and 
indistinguishable from prostate cancer. Its close clinical and sonographic 
resemblance to prostate cancer is of major importance in ultrasonography. 
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Figure 5.9 A colour 
Doppler picture showing 
markedly distended 
periprostatic veins in a 
man with chronic 
prostatitis. 


Figure 5.10 Transverse 
scan in a man with 
severe, acute prostatitis 
with abscesses. Note the 
relatively hypoechoic/ 
transonic appearances of 
much of the gland 
(arrow), indicating 
liquefaction of the 
glandular tissue. This can 
be drained transrectally as 
described in 


Figure 5.11 A large 
focal nodule of mixed 
echogenicity located in 
the right peripheral 
zone. This is the typical 
ultrasound appearance of 
granulomatous 
prostatitis. However, some 
cancers can look very 
similar, and biopsy is 
necessary. 


6. TRANSRECTAL ULTRASOUND OF THE 
ABNORMAL PROSTATE — PROSTATE 
CANCER 


Prostate cancer is the most common cancer in men. Its incidence increases 
with age and, in an ageing population, more cancer is being seen. In the UK 
it is responsible for 10 000 deaths a year, four times as many as are due to 
cervical cancer, and 14 000 new cases are diagnosed annually. The cause of 
the disease is unknown, but it does run in families, and if a man has two 
direct relatives who have prostate cancer his life-time risk of developing it is 
increased six-fold. As with other aspects of life, one’s choice of parents is 
crucial! High-fat diets and hormonal changes are also involved. For 
unknown reasons, black American men have the highest incidence of the 
disease, 50 per cent more than the equivalent white population. 


Transrectal ultrasound diagnosis of prostate cancer 


Background 

Early studies on TRUS and cancer were reported in the late 1960s. Technol- 
ogy was crude by today’s standards — low-frequency transducers resulted in 
poor spatial resolution and virtually no detail of the near field despite using 
stand-offs. Cancers were variously described as echogenic foci within the 
gland, gland distortion and asymmetry, and disorderly internal echo pat- 
terns. Most of these criteria no longer apply, because of better technology, 
because the stage of cancer at presentation 30 years ago was more advanced 
than is being seen now, and because it has been possible to compare TRUS 
images with whole prostate specimens, thus correlating US appearances 
with accurate histology. In using TRUS to diagnose early and potentially cur- 
able malignancies, we need to know where they occur, what they look like, 
and how many are visible. According to McNeal, cancers with a volume of 
less than 4 ml are unlikely to be associated with metastatic disease or extra- 
capsular extension, and are therefore potentially curable. This is a low vol- 
ume of disease, equivalent to <10 per cent of the volume of the 
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average-sized gland seen in clinical practice, and tests the capability of even 
modern TRUS. 


Where does cancer occur? 

There is consensus on this. Cancers originate in the peripheral zone of the 
gland in at least 80 per cent of cases (Figure 6.1). This is fortunate, for the 
peripheral zone lies posteriorly and is readily visualised by transrectal scan- 
ning. It is also a homogeneous and echogenic area of the prostate, and dis- 
ruption of its echogenicity is more easily identified. The small percentage of 
tumours that arise outside the peripheral zone are much more difficult to 
identify, because they arise in a heterogenous part of the gland where BPH 
uniquely occurs. 


Location of cancer 


@ AFS = anterior fibromuscular stroma 
C) TZ = transitional zone 

@ CZ = central zone 

@ PZ = peripheral zone 


@ Cancer 


Figure 6.1 Typical locations of prostate cancer. The majority (70—80 per cent) are 


within the peripheral zone. Even some of the inner gland tumours are peripheral zone 


in origin, and have penetrated anteriorly. Note the clustering around the base, apex 
and posterolateral margins of the gland. These areas should be carefully scrutinised, 
and are specifically selected for biopsy. 
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What does cancer look like? 

There is now general agreement about this answer too. The majority of 
those cancers that are actually visible on ultrasound appear as echo-poor 
lesions. These may take the form of a nodule with indistinct edges, or a 
more diffuse abnormality (Figure 6.2). Because the majority arise in the 
echogenic peripheral zone, such changes are easier to identify. Comparison 
of the right side of the gland with the left helps in picking up more subtle 
abnormalities. Where the peripheral zones are compressed by BPH, spot- 
ting these lesions is more difficult. Difficulties also arise in distinguishing 
those tumours that originate outside the peripheral zone, in the normally 
heterogeneous central and transitional zones. Again, comparison between 
the two sides of the gland is helpful. 

However, of the cancers increasingly being identified, only a minority are 
hypoechoic. When not hypoechoic, cancers can either be hyperechoic (rare) 
or isoechoic (of similar echogenicity to normal prostate tissue). Isoechoic 
tumours are almost impossible to recognise unless there is gland asymmetry 
or extension of the tumour outside the gland (Table 6.1). 


Are all cancers visible? 

Unfortunately most cancers are invisible on ultrasound, or the sonographic 
findings are non-specific (Table 6.1). The factors that govern tumour visibil- 
ity on ultrasound are still disputed, but tumour vascularity, local oedema 


TRUS appearances 
suspicious for cancer 


Hypoechoic 
nodule in the 
central gland 


Focal nodule + 
increased vascularity 
+ surrounding 
hypoechoic area 


Focal area 
of increased 
vascularity 


Diffuse 
hypoechoic 
area 


Hypoechoic nodule 
with elevated 
capsule 


Focal Irregular or 
elevation ill-defined 
of capsule capsule 


Figure 6.2 Appearances suspicious of prostate cancer on transrectal ultrasound (see 


also Table 6.1). 
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Figure 6.4 A diffuse 
hypoechoic area in the left 
peripheral zone, also 


strongly suggestive of 


tumour. The periprostatic 
fat planes are ill-defined 

(arrowheads), indicating 

extracapsular extension. 


Figure 6.3 An ill- 
defined hypoechoic nodule 
located in the left 
peripheral zone. These 
appearances are strongly 
suggestive of tumour. Note 
that it is inseparable from 
the adjacent 
neurovascular bundle 
(arrow), which is 
suspicious for local 
infiltration. 


(a) 


Figure 6.5 (a) A cancer located in the far lateral edge of the right peripheral zone. 
This is a site of high cancer incidence, and is best evaluated, as shown here, in the 
longitudinal plane by looking for subtle changes in echogenicity. In this case the axial 
view was normal (b), and this emphasises the importance of looking at all parts of the 
gland in both views, particularly the base, apex and lateral margins of the gland. 
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Strongly suggestive 

— Hypoechoic areas in the peripheral zone, particularly a nodule with indistinct edge 
(Figure 6.3) 

— Diffuse abnormality (Figures 6.4 and 6.5) 

— Nodule with surrounding area of altered echogenicity 

— Hypoechoic area in the peripheral zone with increased focal vascularity 


Moderately suggestive 

— Hyperechoic or isoechoic focal bulge of the peripheral zone (Figure 6.6) 
— Focal bulge of the anterior capsule (Figure 6.7) 

— Irregular or ill-defined capsule 


Weakly suggestive 

— Hypoechoic nodule in the central gland 

— Focal increase in vascularity of an isoechoic area in the peripheral zone 
— Focal increase in vascularity in the central gland 


Figure 6.6 A nodule of 
mixed echogenicity in the 
peripheral zone. It is 
well-defined, usually 
indicating a benign 
nature. The appearances 
are not typical for cancer 
(see Figure 5.11), but the 
location is. Biopsy 
revealed prostate cancer. 


Figure 6.7 A poorly defined nodule 
located in the right inner gland (between 
measurement calipers). Note that overlying 
capsule is elevated (arrow), and the nodule 
proved to be cancer. The capsule should be 
carefully evaluated, as this may indicate an 
underlying tumour. 
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and surrounding fibrosis/desmoplastic reaction are all thought to be impor- 
tant. Most prostate cancers diagnosed now are low-volume early tumours 
and are histologically bland, with little surrounding reaction, and this may 
explain their isoechogenicity and inconspicuity. Even with hypoechoic 
lesions the accuracy of TRUS is poor, as many peripherally sited echo-poor 
lesions are benign (Box 6.1). 


Box 6.1 Causes of hypoechoic areas in the prostate gland 


Prostatitis, including granulomatous prostatitis 


1. Prostate cancer 
2. BPH 

3. Ductal ectasia 
4. Infarct 

5. Atrophy 

6. 

7. 


Prostatic intraepithelial neoplasia 


Studies have shown that only between 30 and 50 per cent of all cancers 
are seen on ultrasound with any level of suspicion. Even this meagre per- 
centage falls further in a low-risk surveillance population, a point to 
remember as the prospect of mass screening programmes becomes increas- 
ingly real. There is a relationship between prostate-specific antigen (PSA) 
(and therefore cancer stage) and tumour visibility. In a properly chosen sur- 
veillance population the mean PSA level will be lower than in a sympto- 
matic population, and with a PSA below 10 ng/ml less than 30 per cent of 
all proven tumours are visible (Table 6.2). 


PSA level (ng/ml) % with prostate cancer who also 
have an abnormality on TRUS 


O= 15 
Cae) 30 
10-20 40 
>20 75 
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In brief, operators who believe that they can diagnose most cancers (par- 
ticularly the early stage potentially curable lesions) on TRUS alone without 
requiring biopsy confirmation are eternal optimists! 


Transrectal ultrasound and tumour vascularity 


As with tumours elsewhere in the body, it was hoped that vascular imaging 
with colour Doppler ultrasound might improve the accuracy of ultrasound. 
It has been established that prostate cancer has a higher vessel density than 
adjacent normal prostate tissue or BPH, and that vessel density may corre- 
late with the pathological (Gleason) grade of the tumour. Thus, the promise 
of colour Doppler is two-fold — it may guide the observer to unsuspected 
tumours, and these may be more clinically significant. Indeed, it has been 
proven that some tumours are vascular on colour Doppler (Figure 6.8), but 
this is unfortunately not always the case and colour Doppler is of only lim- 
ited value. Although the data are not conclusive as yet, addition of colour 
Doppler may improve the accuracy of TRUS diagnosis at best by around 10 
per cent, with most improvement seen with higher-stage tumours (Table 


6.3). 


Figure 6.8 A colour Doppler image showing increased focal parenchymal flow in 
the left peripheral zone. This proved to be tumour. In practice, colour Doppler 
ultrasound is of limited value, as the accompanying grey-scale changes are enough to 
suspect cancer. 
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Normal vascularity 


Abnormal vascularity 


Minimal parenchymal flow with symmetrical capsular and 
urethral flow 


Focal parenchymal flow, particularly in the peripheral zone 


Asymmetric capsular flow that penetrates into adjacent 
parenchyma 


Transrectal ultrasound and staging of prostate cancer 


Once the diagnosis of prostate cancer has been made, the disease needs stag- 


ing in order that appropriate treatment modalities can be explored and to 


assess the 5-year survival rate. The TNM staging system is now almost uni- 


versally accepted. This system divides the stage into tumour extent within 


the prostate (T), lymph node involvement (N) and metastatic disease (M). It 
is the T stage that TRUS attempts to define. The TNM staging is given in 
Table 6.4. 


TO 
TI 


T2 


T 


T4 
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No evidence of primary tumour 


Tumour not palpable clinically or seen on imaging 


5% of chippings on TUR invaded by tumour 


More that 5% of chippings included 
identified on needle biopsy 
Tumour confined to the prostate 


in one lobe or less 


n both lobes 


Tumour extends through the prostatic capsule 


extension 


Extension into seminal vesicles 


TIA Less than 
TIB 
IE umour 
2A umour 
2B umour i 
T3A Unilateral 
T3B 
vesicles 
4A umour | 
4B umour | 


Tumour extending into adjacent structures other than the seminal 


nvolving bladder neck, distal sphincter or rectum 
nvolving levator muscles fixed to the pelvic wall 


TRANSRECTAL ULTRASOUND AND STAGING OF PROSTATE CANCER 


The important aspect of staging is to differentiate between tumours con- 
fined to the gland and those that are not. If the tumour is confined to the 
gland, a cure or a long disease-specific survival can be expected (91 per cent 
disease-specific survival and 83 per cent metastasis-free survival on pooled 
analysis). These figures fall to 77 per cent and 59 per cent if the tumour 
extends outside the gland. 


Transrectal ultrasound signs of local invasion by prostate 
cancer 

The areas of the prostate gland where local invasion is more likely are given 
in Box 6.2. 


Box 6.2 Areas of the prostate gland where local extension by 
prostate cancer is more likely 


The neurovascular bundles 
The seminal vesicles 

The ejaculatory ducts 

The apex of the gland 


mB u N Re 


The prostate capsule, immediately adjacent to the tumour, probably 
where the vessels pierce through the capsule. 


The first four are areas of relative weakness of the prostate capsule, 
where structures pierce through the capsule, which is consequentially 
thin or deficient. 


Extracapsular extension (ECE) is best seen on transverse scans. Early ECE 
is seen as an irregular hypoechoic bulge of the capsule (Figure 6.4). If tumour 
is seen to extend into the periprostatic fat, then advanced ECE (Figure 6.9) is 
diagnosed. Neurovascular bundle involvement will create an asymmetry of 
these structures, which is best appreciated on transverse views. The sign of 
seminal vesicle and ejaculatory duct involvement is loss of the acute angle 
between the vesicle and the prostate base in the longitudinal plane, owing to 
local tumour extension (Figure 6.10). Extension inferiorly from the gland 
apex into the membranous urethra is very difficult to recognise. 
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Figure 6.9 Transverse 
scan showing local 
extracapsular cancer 
extension, reaching 
almost up to the adjacent 
levator ani muscle 
(arrow). 


Figure 6.10 A 
longitudinal view 
showing local extension 
of cancer into the base of 
the seminal vesicle. Note 
the loss of the usually 
sharp hyperechoic angle 
where the vesicle abuts 


the gland (arrow). 


Accuracy of transrectal ultrasound in local staging of 
prostate cancer 

The accuracy of TRUS in local staging is limited. Reported sensitivity, speci- 
ficity and accuracy ranges are 50—92 per cent, 46—91 per cent and 58—86 
per cent, respectively, for ECE. For seminal vesicle involvement the sensi- 
tivity is between 22 and 60 per cent, specificity is about 88 per cent and 
accuracy about 78 per cent. To improve on these figures, specific capsular 
and seminal vesicle biopsies may be taken. Colour Doppler is not of proven 
value in improving staging, and for non-invasive staging magnetic resonance 


imaging is a more accurate modality than TRUS. 


54 


BIOPSY FINDINGS AND STAGING 


Biopsy ‘findings and staging 


Biopsies can also contribute to local staging, particularly when used in con- 
junction with Partin’s tables, which relate tumour outcome with the clinical 
and histological grade. The histological grade of the tumour is the most 
important. For this the Gleason system is used, which has five grades of his- 
tological types ranging from 1 (well-differentiated) to 5 (poorly differenti- 
ated). However, usually the tumour is of a mixed histological type and the 
grade of the most common type is combined with the score of the next 
most common grade to give a final score range from 2 to 10. A well- 
differentiated tumour is grade 2—4, moderately-differentiated is grade 5—7 
and grades 8—10 denote a poorly-differentiated, aggressive tumour. Referral 
to Partin’s tables will give an indication of the likelihood of local invasion 
for a given Gleason grade, but this is merely an indicator as biopsies often 
underestimate the true histology of the tumour and Partin’s tables are based 
on whole gland appearances and not on biopsy-derived grades. Some fur- 
ther prognostic information from prostate biopsy comes from the number 
of positive biopsies and the percentage of core length involved. 


55 


7. TRANSRECTAL ULTRASOUND BIOPSY 
IN SUSPECTED PROSTATE CANCER — 
PRINCIPLES 


As emphasised in Chapter 6, transrectal ultrasound has limited accuracy in 
the diagnosis of prostate cancer. It suffers from having a low true-negative 
rate and a significant false-positive rate — the former because of the high 
proportion of isoechoic cancers (a proportion that will increase as more 
early-stage tumours are identified with PSA screening), and the latter 
because of the numerous other conditions that may result in hypoechoic 
areas as seen on TRUS. Thus TRUS-guided prostate biopsy is currently nec- 
essary in all suspected cases of prostate cancer. Even if TRUS findings are 
diagnostic, biopsy will still be necessary to stage the biological aggressive- 
ness of the tumour by histological grading. 


Identifying patients at risk of prostate cancer and 
requiring biopsy (Figure 7.1) 


Unfortunately, there are no early clinical signs of prostate cancer. If malig- 
nancy is large enough to cause symptoms of outflow obstruction (exactly 
those of BPH), it is likely that the disease is advanced. Subclinical or early 
detection will probably depend on screening, which at present is by digital 
rectal examination (DRE) and prostate-specific antigen (PSA). To date, 
there have been no large trials of prostate cancer screening. Programmes 
thus far have been skewed by advertising for volunteers and over-recruiting 
of those who have knowledge of the disease, usually because a relative suf- 
fered from it. 

Some further pilot screening trials are currently underway and their 
results are awaited, but currently in the United Kingdom and Europe 
prostate cancer is usually identified by an abnormal DRE or elevated PSA 
carried out in a patient referred for urological assessment with lower uri- 
nary tract symptoms (LUTS). More recently in the UK, a health policy 
decision was made that PSA measurement should be available in any man 
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1 Clinical - symptoms of bladder obstruction 


15 ml/s 


30s 


Poor at identifying early tumours as symptomatic tumours are locally advanced 


2 Digital rectal examination 


Positive predictive value is poor. Less acceptable for patients 


3 Prostate-specific antigen 


More acceptable for patient. Positive predictive value is modest 


Figure 7.1 Identifying patients at high risk of prostate cancer and requiring TRUS 
and biopsy. 
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who requests it. In the USA the situation is different, as the American Uro- 
logical Association has recommended that all men over 50 years of age 
should have an annual DRE and PSA level measurement. 


Prostate-specific antigen 

Measurement of prostate-specific antigen has opened up a whole new chap- 
ter in the diagnosis and treatment of prostate cancer (Figure 7.2). It is 
secreted by the epithelial cells and leaks into the bloodstream at an acceler- 
ated rate if the basal cell layer is disrupted, for example by tumour growth. 
It is estimated that it advances prostate diagnosis by 6—10 years and identi- 
fies more gland-confined, treatable cancers. However, it is merely a surro- 
gate marker for prostate cancer, and all patients with elevated levels require 
prostate biopsy confirmation of cancer. Independently, elevated PSA has a 
positive predictive value (PPV) of between 10 and 60 per cent, as age, BPH, 
infarction and inflammation can also raise it (Tables 7.1, 7.2). An abnormal 
digital rectal examination is also independently a marker of prostate cancer, 
but the PPV is lower than for PSA estimation, at around 30 per cent. How- 
ever, an abnormal DRE and an elevated PSA further increases the likelihood 


Prostatic 
epithelial 
cells 


Prostate gland 
lumen 


Blood : 
vessel Figure 7.2 Prostate- 


specific antigen is secreted by 
the prostate epithelium. Most 
is secreted into the central 


Basal cell acini and the level in venous 
layer blood is low, but if the basal 
cell layer and basement 
Basement membrane are disrupted, 
membrane more PSA leaks into the 


bloodstream. 
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Age (years) Normal range (ng/ml) 
40-49 0-2.5 
50-59 0-35) 
60—69 045 
70-79 0-6.5 


% of those with proven prostate cancer 


PSA level (ng/ml) DRE and DRE and 
TRUS Sve TRUS +ve 

04 4 20 

aT 16 36 

7-\0 De 62 

10720 3] 62 

>20 SA 85 


of prostate cancer (see Table 7.1). Currently, all patients with an unex- 
plained elevated PSA or abnormal DRE, or both, should be considered for 
biopsy confirmation of prostate cancer. 


Accurate prostate gland biopsy — the theory behind 
prostate gland sampling 


The ultrasound appearances of prostate cancer are mixed, being either non- 
specific or invisible in the majority of patients. Although some new techni- 
cal refinements in ultrasound appear promising, and in future tumour 
visibility may become more precise, at the moment directed biopsy (i.e. 
biopsy only of visible abnormalities) is highly inaccurate. This has now been 
undoubtedly proven, and the challenge of modern prostate biopsy and can- 
cer diagnosis is to diagnose all tumours — unseen, microscopic tumours as 
well as the sonovisible tumours — and currently a policy of histological 
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sampling (the taking of multiple geographically-spaced biopsies) is the stan- 
dard method for diagnosing cancer. 

Although the above paragraph highlights the necessity for multiple tissue 
sampling, TRUS-guided prostate biopsy is not simply many shots fired in the 
dark with the hope that one of the bullets will hit the intended target. On 
the contrary, there is a method to contemporary prostate biopsy. To an 
extent the distribution of prostate cancer is predictable (Figure 6.1), and 
prostate biopsy is a systematic sampling of areas of likely high cancer inci- 
dence. There are number of systems in use, such as six or eight routine 
biopsies, or those used when repeat biopsies are necessary, and these are 
further expanded on below and in Chapter 8. 


Which part of the gland should be sampled systematically? 
To reiterate, the majority of prostate cancers (70—80 per cent) arise in the 
peripheral zone; of the rest about 20 per cent arise in the transitional zone 
and 10 per cent in the central zone. Even within the peripheral zone, cancer 
incidence clusters around the apex and base of the gland and its postero-lat- 
eral margins, close to the neurovascular bundles. Current biopsy strategies 
aim to maximise sampling of these areas in the first round of prostate 
biopsy. Of course some cancers do arise in the central and transitional 
zones, although many believe that even these tumours are actually periph- 
eral zone tumours that have preferentially infiltrated the central or inner 
gland. Although not routinely sampled, these areas are biopsied if initial 
peripheral zone biopsies are negative and there is continuing suspicion of 
undisclosed prostate cancer. 


Number of prostate biopsies necessary 
The minimum standard for transrectal prostate biopsy is sextant biopsies, tar- 
geted to maximise peripheral zone sampling (Figure 7.3). Six biopsies were 
reported first by Hodge et al. (1989), and were a logical progression after ear- 
lier strategies of bilobar and quadrate biopsy were found to be inadequate. 
The trajectories as originally described were directed at the base, midline and 
apex of the gland. The biopsies were empirically positioned, three on each 
side, in a line drawn 1 cm on either side of the midline of the gland. Subse- 
quent studies on radical prostatectomy samples confirmed the improved yield 
of the sextant technique compared to lesion-directed biopsies. 

However, more recently, concern has been raised that even this technique 
has a measurable sampling error. Most strikingly, it missed tumours sited 
in the postero-lateral margins, and the authors and others altered the 
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(a) Urethra (b) 


Base 


Figure 7.3 (a,b) The classical sextant biopsy 

pattern as described by Hodge et al. (1989). Mid 
The biopsies are positioned 1 cm either side of 

the midline, and 1 cm apart from each other in 

a straight para-longitudinal line. 

SV = seminal vesicle. This pattern under- 

samples some areas of high cancer incidence, 

particularly the lateral margins (see Figure 

6.1), and a modified sextant is now used 

(Figure 7.4). Apex 


trajectories by moving the midline trajectories more laterally (Figure 7.4). 
This improved the tumour yield further. 


How accurate are sextant prostate biopsies? 

In any screening method, whether formal or based on identification of high- 
risk subjects, the sensitivity or true accuracy of the test is always unknown. 
This is because the denominator (i.e. all those who have cancer) can never 
be precisely determined. Put simply, those who are biopsy-negative may 
still have cancer which was missed. These patients do not undergo prostatec- 
tomy, and we can never know the ‘truth’ diagnosis. In its place we have data 
from follow-up of patients who have had repeated biopsies over the years. 
This method is imperfect, because some patients are lost to follow-up or 
perhaps the eventual positive biopsy represents a de novo tumour. However, 
even these data suggest that the false negative of the sextant technique is 
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Figure 7.4 The modified sextant technique. 
The proportion of peripheral zone sampled is 


increased. 


Base 


Mid 


Apex 


considerable. A recent study (Djavan et al (2001)) of 1051 men with PSA 
4—10 ng/ml who underwent repeated biopsies showed a 22 per cent detec- 
tion rate at initial biopsy, but a further 10 per cent had cancer on their sec- 
ond biopsy. Even then about 5 per cent of patients with cancer were not 
identified till the third or fourth round of biopsies. Missed cancers were 
located in the apico-dorsal regions, were less likely to be multifocal, and 
were of lower volume. This has been suggested elsewhere, and eight, ten, 
twelve (Figures 7.5, 7.6, 8.1) or more biopsies are increasingly being advo- 
cated. In a recent study, octant biopsies improved the cancer yield from 85 
to 97 per cent. There is an increasing consensus that octant biopsies should 
become the standard, and this is the authors’ preferred choice now. Readers 
will have to decide for themselves which standard they care to follow, but 


Table 7.3 sets out the merits and de-merits of the various biopsy strategies. 
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Table 7.3 Biopsy strategies and their merits 


No of biopsies 
6 


Multi-site 
(S13) 
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Advantages 


Established technique 


Safety data secure 


Improves cancer 
diagnosis from 
85 to 97% 


Improved cancer 
diagnosis by 20% 


May improve diagnosis 


by 29% compared to 


6, but diagnostic 


advantage over 8 


biopsies unproven 


Unproven in routine 


Use 


Disadvantages 


30-50% cancers 
are missed 


Safety data 


incomplete 


Mainly lateral 
biopsies positive 
10 may be no 
better than 8 


Greater rate of 


bleeding 


High haematuria 
and bladder 


retention rate 


References 


Hodge et al. (1989), 
Keetch et al. (1994) 


Presti et al. (2000), 
Norberg et al. (1997) 


Ravery et al. (1999) 


Naughton et al. (2000), 
Brossner et al. (2000) 


Babiaan et al. (2000), 
Eskew et al. (1997) 
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Base 


Transition 
zone 


Apex 


Figure 7.5 The octant biopsy technique. This increases cancer recovery rate by 
15—30 per cent compared to the classical sextant technique. Note that part of the 
inner gland is also retrieved. 


Figure 7.6 The 10-biopsy pattern. This pattern has 


no proven advantage over the octant technique. 
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8. TRANSRECTAL ULTRASOUND BIOPSY 
IN PATIENTS REQUIRING REPEAT 
PROSTATE BIOPSY — PRINCIPLES 


Current methods of biopsy provide a high statistical certainty in diagnosing 
or excluding prostate cancer, but it is not 100 per cent. With a given num- 
ber of biopsies, the chances of ‘hitting’ the tumour are dependent on its size 
and location. Peripheral zone sampling with six or even eight biopsies may 
be adequate for an average-sized gland with tumour in the outer region. 
With glandular enlargement, a small volume of disease, or tumour arising in 
the central and transitional zones, this method has failings. 

Against this background, the increasing concern about the sampling error 
of prostate biopsy becomes clear. Some men will require re-biopsy if there 
is concern about sampling error and a continuing suspicion of undiagnosed 


prostate cancer. Such cases can be categorised into four broad categories: 


1. Large gland 

2. Previous biopsies showed prostate intra-epithelial neoplasia 

3. Previous biopsies showed glandular atypia, or were non-diagnostic 

4. Previous biopsies were negative, but there is a continuing high level of 


suspicion for prostate cancer. 


Although the data for any of these categories are not thorough, each appears 
to require a slightly different repeat biopsy approach. 

Biopsy strategies for these categories of patients are summarised in Table 
8.1. 


Large prostate gland 


With a large gland, the initial concern is to maximise peripheral zone (PZ) 
sampling. With increasing gland volume the PZ is stretched and thinned, 
and six biopsies will retrieve an increasingly smaller percentage of the PZ. 
To increase PZ recovery the trajectories of the biopsies will need altering, 
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Category of patient Number of biopsies Comments 

Large gland 28 Target the peripheral gland on the first 
round, and both peripheral and inner 
glands in subsequent rounds 


Prostate intra-epithelial 12 Biopsy both the site of PIN and the 
neoplasia (PIN) contralateral gland 

Glandular atypia/ 6-12 Concentrate biopsies in the area where 
non-diagnostic the suspicious sample was taken from 
sample 

Continued Saturation biopsies Consider transurethral biopsy of the 
suspicion of inner gland 

cancer with 


repeated normal 

biopsies 

Note: these are recommendations; there are no thorough data or studies on most of 
these strategies at the time of writing. 


but, more importantly, more biopsies are necessary. It is our practice rou- 
tinely to perform eight biopsies when faced with a gland >40 ml in vol- 
ume. With greatly enlarged glands this should be further increased to up to 
12 biopsies (Figure 8.1). However, note that with the first round of biopsies 
the peripheral zone is still the target of preference, although many of the 
biopsies will have an appreciable amount of central gland as the PZ is 
thinned. Only if these biopsies are negative and there is ongoing concern 
about undiagnosed prostate cancer is the central gland focused upon (see 


below). 


Prostate intra-epithelial neoplasia 


Prostate intra-epithelial neoplasia (PIN) indicates cellular dysplasia but the 
basal cell layer is still intact, i.e it does not show features of an invasive or 
aggressive nature. It may be considered, in broad terms, as a pre-malig- 
nancy. Currently it is divided into two cytological grades, low and high. As 
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Urethra Figure 8.1 The 12-biopsy pattern. 
This still leaves the gland anterior to 
the urethra and midline peripheral 
zone and apex untouched. SV = seminal 


vesicle. (See also Figure 8.2.) 


yet the data on PIN are not vast, and it may merely be a marker of cancer 
elsewhere in the gland or a precursor of cancer. Some studies have shown a 
40—100 per cent association between high-grade PIN and concurrent can- 
cer, while pathological studies by Bostwick (1996) suggest a 10-year delay 
before PIN converts to cancer. A separate issue is the difficulty in recogni- 
tion of PIN and its grading, At the moment, high-grade PIN is believed to 
indicate undiagnosed cancer, and re-biopsy should be considered. 

Studies have shown that PIN, like cancer, is more common in the periph- 
eral zone, but it may be either close to or at a distance from the site of con- 
current cancer. Repeat biopsies should therefore enhance total gland 
sampling and not just assess the region of PIN. This is best achieved by tak- 
ing up to 12 biopsies. When should biopsies be repeated? As the worry is 
about concurrent tumour there is no need to delay; however, there are no 
data on the safety of early re-biopsy. The concern is that the gland may still 
be infected from the last set. Some time should be allowed for the gland to 
recover, and a gap of 4—6 weeks seems sensible. 

There are no reliable data on what to do if the second set of biopsies also 
show high-grade PIN but no cancer. PIN is said not to elevate PSA, as the 
basal cell layer is not disrupted, but if the PSA level or density keeps rising 
then repeat biopsies should be carried out. However, the management of 
patients with a steady PSA but repeated PIN is very difficult. Do these 
patients have missed microscopic, low-volume cancer, or might they go on 
to develop cancer? Reliable data in this group would be useful, as at the 


moment no firm recommendations can be made. 
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Atypical /non-diagnostic samples 


This represents a local sampling error. The volume of disease is low, or is 
small in comparison with the size of the gland, or the biopsies have merely 
caught the edge of the tumour. Knowledge about the site of the indetermi- 
nate sample is important. Routine placement of each biopsy in separate, 
clearly-labelled pots will ensure this information is available (assuming the 
pathology laboratory also reports the biopsy results in a site-specific man- 
ner). Repeat biopsies should aim for saturation coverage (6—12 biopsies) of 
the suspicious area. However, it should be remembered that the sample may 
have caught the edge because the tumour is mainly in the central or transi- 
tional zone, and both the peripheral and central gland in this area should be 
thoroughly biopsied. 


Persistent elevated PSA with continuing clinical suspicion 


of cancer, or rising PSA 


If it is assumed that this represents undisclosed tumour missed in the first 
round of peripheral zone biopsies, then repeat biopsies should achieve satu- 
ration coverage (Figure 8.2) of the gland. This is a controversial area, as 
what constitutes confident saturation coverage is not yet known, and there 
is a concern that a tumour diagnosed with multiple biopsies is likely to be 
small and clinically insignificant. At the moment, 12 biopsies in the second 


Urethra 


| 


Base Figure 8.2 An example of an 


extensive or saturation biopsy 
technique. SV =seminal vesicle. Some 
models take > 20 biopsies. Note that 
the data suggest that extensive biopsy 
techniques are associated with a 
Apex significant urinary retention rate ( up 
to 10 per cent in one study). This is 
mostly because of the midline biopsies 
transgressing the urethra. 
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PERSISTENT ELEVATED PSA WITH CONTINUING CLINICAL SUSPICION OF CANCER 


round with sampling of both the peripheral and central glands seems sensi- 
ble. However, it should be remembered that the anterior and peri-urethral 
regions are not easily accessible by the transrectal route. In the occasional 
case, transurethral biopsy of this region should be considered. 
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9. TRANSRECTAL ULTRASOUND BIOPSY 
OF THE PROSTATE — PRACTICAL 
ASPECTS 


Transperineal biopsies are only of historical interest now. These biopsies 
were painful, and allowed only limited sampling. In their favour, antibiotic 
prophylaxis was unnecessary and biopsy of the gland apex was possibly eas- 
ier. Most prostate biopsies are now taken transrectally. Overall, gland tar- 
geting is easier by this route, and biopsies are more comfortable, especially 
with the use of local anaesthetic. However, there is a risk of infection, 
although this is minimised with the routine use of prophylactic antibiotics. 

This chapter starts with the equipment details and patient preparation 
before expanding on the technical points of the actual biopsy, and concludes 
with the side effects of the technique and their management. 


Equipment for transrectal biopsy 


Biopsy guides 

Modern probes and machines are designed for easy transrectal biopsy 
through guides attached to the probe. Disposable or sterilisable metallic or 
plastic attachments are available, and these guide the needle through the 
rectum. Metallic guides fit more securely than plastic ones and may be pre- 
ferred, but multiple metallic guides will have to be purchased for busy units 
to allow time for sterilisation between cases. Whichever guide is chosen, the 
computer software will draw the expected needle pathway for precise tar- 


geting. 


Biopsy needles 

Fine-needle aspiration biopsy was tried in the past but is inaccurate, particu- 
larly for Gleason grading of prostate cancer, and 18 G core needles are now 
standard. Standard biopsy core length is 1.8—2.0 cm, depending on the 
manufacturer, but seminal vesicle biopsy may require a shorter length of 
1.0-1.5cm. With some biopsy devices the core length is adjustable 
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between 1 and 2 cm. A single needle is adequate per patient, even if >12 
biopsies are being taken. Automatic biopsy devices with spring-driven 
biopsy action are preferred, as their rapid cutting reduces artefact (Figures 
9.1, 9.2). Disposable or reusable biopsy guns are available and, apart from 
cost, there is no particular advantage of one over the other. A reusable gun 
with disposable needles is the cheaper option for busy departments. 


Figure 9.1 An automated spring-operated 
biopsy gun. On some models the biopsy length 
can be varied between I and 2 cm, depending 
on whether the prostate or seminal 

vesicles / prostatic bed are being biopsied. 


a b c 


Figure 9.2 A notched core biopsy needle. The standard diameter is 18 G. The inner 
notch is fired first (a), followed a split second later by the outer cutting sleeve (b), and 


the tissue is captured in the recessed chamber (c). 
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ANTIBIOTIC PROPHYLAXIS 


Patient information, consent and blood tests 


Adequate information should be provided regarding the procedure, its neces- 
sity and expected side effects or complications. Ideally, a clearly set-out infor- 
mation sheet should be provided at the time the biopsy is booked or on arrival 
for biopsy. The former is preferred, as instructions for the antibiotics can also 
be given. Whenever these sheets are provided, for medico-legal reasons the 
patient should be given time to digest the information and an opportunity to 
ask any questions or queries before signing the consent form. Examples of 
such information sheets are given in the Appendices. 

Informed consent should be taken. This presents the problem of where to 
store the consent forms if the case notes are not routinely available in the 
biopsy clinic. The advice of the hospital risk management committee may be 
helpful, as recording signed consent in a properly worded ledger or record 
book may be acceptable. An alternative may be to store them with separate 
clinic or radiological files; however, these may be destroyed after an inter- 
val, whereas consent forms, like clinical case notes, need to be stored for a 
much longer period for medicolegal reasons. 

Routine blood tests are unnecessary, but patients on anticoagulants 
should be stabilised (e.g. warfarin withheld until the clotting ratio (INR) is 
<1.3, or no more than 3 s greater than control). Platelet count is also not 
measured routinely, but should be >80 000/ul. If low-dose aspirin is being 
taken, it should be omitted on the day of biopsy and recommenced after a 


few days if there is no heavy bleeding. 


Antibiotic proph yl axis 


Aerobic or anaerobic organisms may be introduced by transrectal needle 
puncture. The common organisms are Escherichia coli, Streptococcus faecalis 
and Bacteroides spp. Bladder catherisation, multiple biopsies and age are all 
believed to predispose to infection, although the data are convincing only 
for the first two. It is our practice to avoid biopsy in all patients who have 
been recently catheterised for acute obstruction. Such patients are likely to 
have a degree of urinary infection, and we delay biopsies for about 4 weeks. 
The use of prophylactic antibiotics with broad coverage is now standard 
practice. The following agents are appropriate: 


° Fluroquinolone agents, e.g. ciprofloxacin, norfloxacin 


e Co-amoxiclav 
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e Gentamicin 

e Metronidazole 
* Erythromycin 
* Amoxycillin 


Some departments favour a single agent, and the fluoroquinolones are cho- 
sen because they achieve a high tissue level in the prostate gland. Others 
combine a wide-spectrum agent with metronidazole to ensure anaerobic 
activity. Unfortunately, there are no comparative data to show the superior- 
ity or cost-effectiveness of any of these strategies. Whichever agent or com- 
bination is chosen, it is important that oral agents are given well before 
biopsy to ensure good tissue concentrations during the period of maximal 
bacteraemia, which occurs at the time of biopsy. An example of a suitable 


policy is given in Box 9.1. 


Box 9.1 An example of suitable prophylactic antibiotics 
prior to transrectal prostate biopsy 


e 1 gm metronidazole suppository, single dose 
* 500 mg ciprofloxacin tablets, twice daily for 2 days. 


Both to be commenced 1 hour prior to biopsy 
Note: There are many other antibiotic policies used, and none is of 


proven superiority. However, commencing antibiotics well before the 
biopsies appears to be common to many of them. 


If oral/rectal antibiotics are not commenced well before biopsy, then 
intravenous gentamicin may be added immediately before the biopsy. 
Gentamicin achieves an immediate and higher serum level than oral/rectal 
agents, but has a poorer tissue level in the gland unless it is already 
inflamed. In those who require prophylaxis against endocarditis, the appro- 
priate advice should be followed. Currently, intravenous vancomycin or 


amoxycillin are acceptable additional agents. 
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EQUIPMENT FOR THE BIOPSY TROLLEY 


Equipment for the biopsy trolley 


Prostate biopsy is not a full sterile procedure, but a clean, ‘no-touch’ 
approach should be used. The equipment listed in Box 9.2 should be set out 
on a clean biopsy trolley, and the assistance of a helper is essential. 


Box 9.2 Equipment necessary for transrectal ultrasound- 
guided prostate biopsy 


* Biopsy attachment (either a disposable plastic unit or a sterilised 
metal guide). 

* Long (15—20 cm) 22 G spinal needle, 10 ml syringe and 1% plain 
lignocaine (lidocaine) if local anaesthetic is to be used. 

e Fresh 18 G biopsy needle with the appropriate biopsy gun or 
device. The length of the needle should be greater than the length of 
the biopsy guide, typically about 16 cm. Seminal vesicle biopsies are 
easier with a 20 cm needle. The core length of the needle ‘notch’ 
should be 1.5—2.0 cm, but seminal vesicle biopsy may be safer with 
a shorter length of 1 cm. 

e Separate pots, half-filled with a preservative formalin—saline solu- 
tion, for each core taken, or alternatively a device for separate han- 
dling of each biopsy. This way the anatomical position of the tumour 
can be ascertained. Knowledge of the location of positive biopsies 
provides useful management information. Positive biopsies from 
both lobes denote a higher tumour stage (2B versus 2A), and know- 
ing the site of a suspicious but non-diagnostic sample helps to plan a 
repeat biopsy strategy. Liaison with the pathology department will 
ensure that the biopsies are reported and handled separately. 

* A small pot of sterile saline to swizzle and clean the needle tip of 
formalin between biopsies. 


The patient should have an empty bladder. Although urinary incontinence 
or retention is very rare, biopsies sometimes cause a feeling of urgency. 

The patient is placed in a left lateral position, and a full diagnostic study 
carried out first and the biopsies planned. The probe is then fitted with the 
biopsy guide and reintroduced. Local anaesthetic is infiltrated (Box 9.3). 
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Box 9.3 Transrectal ultrasound-guided local anaesthesia of 
the prostate 


Although not universal, in the authors’ view local anaesthesia 
significantly improves patient tolerance and is strongly advocated. The 
agent is introduced into the planes of the Denonvilliers’ fascia, which 
lies between the gland and the rectum (Figure 9.3), in the following 


Manner: 


Pool of local anaesthetic tracking 
between the planes of the Denonvilliers’ 
fascia, and bathing the posterior surface 

of the gland, up to the base 


Denonvilliers’ 


Seminal : : 
fascia separating 


vesicle 


The planes of 
the Denonvilliers’ 
fascia 


Rectal mucosa 


22 G needle 


TRUS probe 


Figure 9.3 Method for infiltrating local anaesthetic (LA) into the planes of 
the Denonvilliers’ fascia prior to biopsy. Occasionally the pool does not track 
freely up to the base of the gland. In this case, small amounts of LA should be 

infiltrated around the base as well. 


1. The spinal needle, with the anaesthetic syringe attached, is advanced 
into the gland adjacent to the apex as seen in a right or left para-lon- 
gitudinal plane (1 cm away from the gland midline) under sono- 
graphic guidance. The needle tip is clearly seen. 

2. The needle tip is gradually withdrawn until it is just outside the cap- 
sule and in the fascial planes. At this point resistance to injection 
(which is high when the needle tip is within gland substance) dissi- 
pates and easy injection separates the fascial planes. The fluid tracks 
around the posterior surface of the gland and up to the base of the 
gland (Figure 9.4). The posterior surface is thus ‘bathed’ by the pool 
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of local anaesthetic. Slight further adjustment of the needle tip may 
be necessary at this stage to get good separation of the planes. 


Figure 9.4 A pool of local anaesthetic is seen superior to the base of the gland 
(large arrow). This was introduced by a needle placed near the apex (small arrow) 
into the planes of the Denonvilliers’ fascia. 


3. 5 mlis placed in the right and left para-longitudinal planes. 

4. Injection at these points is only mildly irritating, but injection in the 
midline near the urethra and external sphincter is painful. 

5. In some cases the fluid does not track freely, presumably because the 
fascial planes are fused. In these cases, further small volumes should 
be injected around the base of the gland. 

6. An alternative technique is neurovascular bundle block, and this 
technique is described in one of the references. 


After about 1 min, biopsies can commence. The biopsy guidelines are 
activated on the machine, and the appropriate biopsy trajectories selected. 

The biopsies are then taken in a systematic fashion. Six, with biopsy of 
any focal nodules not included in the sextant trajectories, should be the 
minimum (see Figure 9.5), but eight is now the preferred number (see 
Chapter 7), particularly with a large gland. Even with anaesthetic, a slight 
‘jolt’ or ‘kick’ sensation is felt, representing the impact from the automati- 
cally fired gun; the patient should be forewarned of this. Biopsies are now 
well tolerated, and it is extremely rare to abandon the procedure because of 
patient intolerance. 
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Figure 9.5 A biopsy being taken. Note the dotted line, which is the predicted 
trajectory of the biopsy needle. The hyperechoic (white) line is the actual biopsy core. 
The needle path is always clearly seen on TRUS, and non-visualisation usually means 
that the needle is not following the predicted path because the guide has slipped off- 
target. 


There should be minimal bleeding at the end of the biopsies — usually no 
more than staining of the probe. The patient should rest for a few minutes 
before standing. This reduces the chances of vaso-vagal episodes and faints, 
and any brisk rectal bleeding will declare itself. Patients can be discharged 
straight away if well. An information sheet should be provided warning of 
expected side effects, and patients should be told to contact the family prac- 
titioner or the hospital if they notice heavy bleeding or develop a fever (see 
Appendices). 


80 


POST PROSTATE BIOPSY SYMPTOMS 


Post prostate biopsy symptoms 


Up to 40 per cent of patients will have one or more of the following com- 


plications. Bleeding is most common. Unlike in other organ and tissue biop- 


sies, bleeding after prostate biopsy is unusually prolonged. The prostate 


secretes tissue plasminogen activator as well as citrate — both natural anti- 


coagulants — and presumably these account for the persistence of bleeding. 


Fortunately, bleeding is generally slight and self-limiting. 


Expected complications 


1. 


Haematuria — 20—40 per cent of patients will have lightly red-stained 
urine lasting for an average of 4 days. It can however persist for up to 14 
days (Figure 9.6). As long as there are no clots or symptoms of clot 


retention, no specific measures are necessary. 


. Haematochezia or PR bleeding — 10—20 per cent of patients will notice 


staining of stools or toilet paper. 


. Haematospermia — occurs in 5-15 per cent of patients. Duration can be 


extremely variable, as frequency of ejaculation and seminal vesicle emp- 
tying is also variable in the age group who undergo prostate biopsy. 
Some men find this the most distressing of all the post-biopsy symp- 
toms. The use of a condom during sexual intercourse until the blood 


clears is advisable. 


. Pain — with local anaesthetic, 5 per cent of patients report mild pain for 


2—3 days. Simple analgesia suffices, e.g. paracetamol (acetaminophen) 
tablets. Non-steroidal anti-inflammatory agents should be avoided. 
Without anaesthetic, pain is greater and of longer duration (Figure 9.7). 


Haematuria 


HB PR bleed 


% of men affected 
Nh 
oS 


5 Haematospermia 


Day 1 Day2 Day3 Day4 Day5 Day6 Day7 


Figure 9.6 The frequency and duration of post prostate biopsy morbidity. (Data 


based on the authors’ experience of sextant biopsies.) 


81 


TRANSRECTAL ULTRASOUND BIOPSY OF THE PROSTATE — PRACTICAL ASPECTS 


% of men reporting 
pain in the 7 days 
after biopsy 


No local anaesthetic Local anaesthetic 


Figure 9.7 The beneficial effects of local anaesthetic infiltration prior to 


transrectal ultrasound-guided prostate biopsy. 


5. Fever — in spite of prophylactic antibiotics, fever can occur in a minority 
(1—4 per cent) of patients. Patients are advised to seek medical help if 
this is noticed. Our policy is to continue antibiotics for a longer period. 

6. Dysuria or strangury — this is rare, but may herald a urinary tract infection 
or clot retention. Medical advice should be sought, as a longer course of 
antibiotics promptly commenced will pre-empt a general or more 
severe infection. 

7. Urethral bleeding — this happens at the time of the biopsy, and can appear 
dramatic. It is more frequent after transitional zone biopsies, and partic- 
ularly if the urethra is transgressed. Local dressing around the tip of the 
urethra is all that is necessary, as it is rapidly self-limiting. 

8. Prostatic haematoma — this is sometimes seen on ultrasound. No action is 


necessary. 


Severe complications and their management 

In our recent surveys, serious complications such as bleeding or septicaemia 
requiring hospital care have been rare, occurring at a frequency of about 
1 : 1000. The improved safety profile of modern prostate biopsy reflects the 
routine use of prophylactic antibiotics commenced at least 1 hour pre- 
procedure and better targeting, and with proper advice developing septi- 
caemia can be pre-empted by early treatment from the family practitioner 
or urologist. 

Severe complications include: 


1. Infection — routinely we advise patients to see their general practi- 
tioner/urologist if they notice a fever or dysuria, and to commence a 
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longer course of antibiotics. This manages most cases, but the rare case 
of severe infection/septicaemia will require intravenous therapy. 

Severe bleeding — severe rectal bleeding is more significant than severe 
haematuria. The cause of severe rectal bleeding is usually unknown, but 
is believed to be owing to lacerated rectal mucosal veins. Whether the 
presence of haemorrhoids leads to more bleeding is also not known. If 
bleeding is seen at the time of the biopsy, then the probe should be rein- 
serted and pressure applied over the prostate gland for 5—10 minutes. If 
bleeding occurs later, bed rest is advised; if more severe bleeding occurs 
then hospital monitoring is required with transfusion as necessary. Inter- 
vention (surgery or embolisation) is rarely necessary. Severe haematuria 
presents as clot retention. 

Urinary retention — this is usually due to obstructing blood clots in the 
bladder or urethra. Catheterisation may be required, as well as contin- 
ued antibiotics. Retention is more common after multiple or midline, 


deep biopsies. 
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10. TRANSRECTAL ULTRASOUND OF THE 
ABNORMAL PROSTATE — LESS 
COMMON PROSTATE ABNORMALITIES 


Cysts of the prostate gland 


Cysts of the prostate gland and its associated structures may be develop- 
mental or acquired (Figure 10.1). They were rarely identified during life 
before the advent of transrectal scanning, but now they are recognised as 
common and mostly clinically silent. Location is a key assessment in deter- 
mining their nature (Table 10.1). 


Millerian 
duct cyst 


a Cyst of seminal 
vesicle 


yz 


Cyst of vas 
deferens 
Utricle cyst 
Ejaculatory —_y\~\, 7g Retention 
duct cyst cyst, abscess 


Figure 10.1 Drawing of the various acquired and developmental cystic lesions of 
the prostate gland and its associated structures, and their typical locations. 
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Developmental cysts 


Millerian duct cysts Midline, usually extend cephalad to the gland; 
can be large (Figure 10.2); no sperm 


Figure 10.2 A large Miillerian remnant cyst projecting outside the base of the 
prostate gland. This is a particularly large cyst. Most Miillerian cysts are smaller 
and are difficult to distinguish from a persistent utricle. 


Utricle cysts Midline, at the level of the verumontanum, 
intraglandular; usually less than | cm (Figure 


10.3); rarely, may contain sperm 


Figure 10.3 A midline persistent utricle (being measured). These may or may 
not communicate with the urethra. 
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Acquired cysts 


Duct ectasia This is just a mild distension of normal ducts, 
rather than a true cystic condition; it is very 


common (Figure 10.4) 


Figure 10.4 Ductal ectasia involving the left peripheral zone (arrow). 


Ejaculatory duct cysts Just lateral to midline; post-inflammiation or 
TURP; contain sperm and may have calculi 
with seminal vesicle dilatation 


BPH with cystic degeneration Commonest cysts; in transitional zone 


Retention cysts Due to dilatation of gland acini; may cause 
obstruction if located close to the bladder 
neck (‘ball valve’ obstruction) 


‘Cavitary prostatitis’ Rare; due to prolonged inflammation; 
multiple cysts of varying size 


Abscess Post-prostatitis; commoner in diabetics and 
after bladder catheterisation; may be thick- 
walled and septated (see Figure 5.10). 


Other rare cysts 


Parasitic cysts (Bilharzia) = 
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Cystic carcinoma (Figure 10.5) = 


Figure 10.5 A partly cystic nodule in the right peripheral zone. This proved to 


be cancer on biopsy. Cystic neoplasms of the prostate are extremely rare. 


Seminal vesicle cyst = 


Vas deferens cyst Midline 


Bladder neck obstruction in the absence of significant 
benign prostatic hyperplasia 


Occasionally symptoms of outflow obstruction are seen, without the typical 
glandular enlargement of the ageing male. This is the commonest form of 
outflow obstruction in young males. Such patients void with high pressures 
against an obstructing bladder neck, which is due either to increased muscle 
bulk or to dyssynergia, in which case the bladder neck actively contracts 
during micturition instead of relaxing. The latter is often seen in stressed 
individuals. 

On TRUS, an echo-poor mass, representing hypertrophy of the muscular 
spiral, will be seen surrounding the proximal prostatic urethra and extend- 
ing up to halfway towards the apex of the gland. Very often patients do not 
seek medical help despite considerable symptoms, and this is because they 
have never experienced normal voiding and accept their lot as such. They 
usually come to medical attention when some early benign hyperplasia 
compounds their bladder neck obstruction. 
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Bladder neck obstruction can cause prostatitis because, on interruption 
and at the end of micturition, the prostatic urethra cannot empty and urine 
is trapped. Under these conditions, urine refluxes into the prostatic ducts 
that communicate with the urethra causing, in some, a chemical type of 
abacterial prostatitis. 


Prostate cyst causing bladder outlet obstruction 


Most acquired intraprostatic cysts are secondary to cystic degeneration of 
BPH within the inner gland. These are asymptomatic and not important, but 
rarely a cyst may result in bladder obstruction because of its size and posi- 
tion (Figure 10.6). Classically such cysts are sited at the base of the gland, 
just anterior to the bladder neck, and are 1—2 cm in diameter. They are 
transonic and thin walled. During micturition, they herniate into the pro- 
static urethra and act as a ‘ball valve’, obstructing the flow of urine. To con- 
firm that the cyst is responsible for the symptoms, it should be aspirated 
under ultrasound control. Should the symptoms and flow rates improve, the 
cyst needs to be resected at cystoscopy because otherwise it will usually 


recur. 


Figure 10.6 An 
acquired cyst located at 
the base of the prostate 
gland (large arrow). This 
was causing outflow 
obstruction by acting as a 
‘ball valve’ during 
micturition. The bladder 
has been catheterised 


(small arrow). 
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Detrusor sphincter dyssynergia 


This is due to subsacral spinal cord lesions, e.g. multiple sclerosis, trauma 
and tumours. Patients have no sensation of bladder fullness and cannot void 
voluntarily. When involuntary voiding occurs, there is discoordination 
between the distal sphincter and the detrusor muscle, causing both to con- 
tract and subsequent outflow obstruction. Pressures within the bladder are 
commonly very high, and the upper tracts are in peril. Such pressures also 
render the bladder neck incompetent. On TRUS, an appearance not dissimi- 
lar to a good TURP cavity is seen along with considerable hypertrophy of 
what can be seen of the bladder wall. 


Further abnormalities of the prostate gland 


Table 10.2 lists further unusual abnormalities of the prostate. 


Cause Comment TRUS findings 


Tuberculosis May be secondary to Like prostatitis 
intravesical BCG for treatment 
of bladder cancer 


Sarcoidosis = Non-specific 
Infarction Particularly after catherisation  Hypoechoic nodules 
Lymphoma Usually non-Hodgkin's Large hypoechoic 


masses throughout 
the gland with 


periprostatic 
infiltration 
Leukaemia = Non-specific 
Metastasis Lung, melanoma Non-specific 
Rare prostate carcinomas 
Comedocarcinoma Hypoechoic nodules 


with multiple small 
hyperechoic foci 


Mucinous carcinoma Non-specific 
Adenoid cystic carcinoma Non-specific 
Signet-ring cell carcinoma Non-specific 
Squamous cell carcinoma Non- specific 
Rhabdomyosarcoma in children Non-specific 
Transitional cell carcinoma Non-specific 
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11. TRANSRECTAL ULTRASOUND OF THE 
SEMINAL VESICLES AND EJACULATORY 
DUCTS 


There are few primary abnormalities of the seminal vesicles and ejaculatory 
ducts. Most (tumours, inflammation or obstruction are commonest) are 
secondary to disease of the prostate gland, but there are some unusual 
symptoms where attention needs to be focused primarily on the vesicles 
and ducts. 

Transrectal ultrasound assessment of the seminal vesicles and/or ejacula- 
tory ducts may help the management of: 


e Haematospermia 
e Male factor infertility 
e Pain on ejaculation 


e Prostate cancer staging. 


H aematospermia 


Haematospermia is a worrying sign for men, and they seek medical advice 
for reassurance both that nothing sinister is afoot and that they can continue 
with their sexual activities. Most cases are transient and no abnormality is 


identified (Box 11.1), and it is presumed that a traumatic tear of a vein was 


Box 11.1 Common causes of haematospermia 


* Unbridled passion 
e  Calculi 

* Calcified cyst 

e Prostatitis 

e Tumour 


e Trauma 


TRANSRECTAL ULTRASOUND OF THE SEMINAL VESICLES AND EJACULATORY DUCTS 


the cause or possibly prostatitis. However, with persistent haematospermia 
abnormalities may be seen on TRUS. The commonest is a stone within the 
genital tract, seminal vesicles or ejaculatory ducts. Rarely, there may also be 
a calcified cyst. These cysts can be multiple, and may or may not be associ- 
ated with a degree of proximal obstruction. Prostate cancer is rarely the 


cause. 


Male factor infertility 


Semen analysis must precede TRUS. Oligospermia and azoospermia, 
reduced or absent semen volume and an absent seminal fructose level are 
indications for TRUS, as all are suggestive of obstructive infertility (Box 
11.2). Fructose is produced by the seminal vesicles and is metabolised by 
sperm, and its absence suggests aplasia of the seminal vesicles or distal geni- 
tal tract obstruction. The presence of fructose and a normal ejaculatory vol- 
ume should not necessarily preclude TRUS in infertile men as, rarely, these 
men may also have a degree of obstruction. 


Box 11.2 Abnormalities that may be seen on TRUS in male 
factor infertility 


e Aplasia of the seminal vesicles and/or vas deferens 
e Ejaculatory duct calculus 
* Ejaculatory duct stricture 


e Millerian or utricle cysts obstructing the ducts 


Pain on ejaculation 


This is an uncommon but distressing complaint, and should be differenti- 
ated from the background ache that can accompany an extended bout of 
passion and prolonged erection in the young man. Rarely, the cause of post- 
ejaculation pain may be due to ejaculatory duct obstruction — a calculus, 
stricture or obstructing cyst. 
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APPEARANCES OF NORMAL SEMINAL VESICLES AND EJACULATORY DUCTS 


Prostate cancer staging 


Evaluation of the seminal vesicle appearances and epithelium can help local 
staging of prostate cancer. Involvement of the vesicles upstages the tumour 
to grade 3B, and curative surgery is not indicated. For seminal vesicle 
involvement the specificity of TRUS is about 88 per cent and the accuracy 
about 78 per cent, but unfortunately sensitivity is much poorer at 22—60 
per cent. This subject was covered in 


Transrectal ultrasound appearances of normal seminal 
vesicles and ejaculatory ducts 


For viewing seminal vesicles, both transverse and longitudinal scans are 
helpful. Ejaculatory ducts are best seen in the longitudinal view. The normal 
vesicle has a width of about 1.5 cm, is usually about 4 cm long, and is sym- 
metrical with its counterpart vesicle ( ). Size measurement is of 


little clinical value, but on good-quality ultrasound the seminal vesicle 


Figure 11.1 A transverse view showing normal symmetrical, non-dilated seminal 


vesicles. Note the rounded vasa as the most medial structures (arrows). 
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TRANSRECTAL ULTRASOUND OF THE SEMINAL VESICLES AND EJACULATORY DUCTS 


epithelium may be identified with its separate mucosal layers. The lumen may 
also be visualised. This is normal physiological distension; it is symmetrical 
and can be differentiated from true seminal vesicle dilatation by repeating the 
scan after ejaculation. True dilatation is usually asymmetric and associated 
with vasal/ejaculatory duct dilatation. With agenesis, the ipsilateral vas is 
usually also absent. In the longitudinal view, where it enters the gland, the 
periprostatic fat creates an acute hyperechoic angle ( ) and this 
area should be carefully assessed for early infiltration by cancer. 

On vascular imaging, normal flow is barely seen in the epithelium, even 
on high-sensitivity settings. Abnormal flows are asymmetric and involve the 
lumen and surrounding fat planes and infiltrated tissue. However, the diag- 
nostic value of seminal vesicle colour Doppler has not been extensively 
studied or reported. 

Normal, non-dilated ejaculatory ducts are barely perceptible ( 

), particularly in the presence of BPH. They measure less than 1 mm. 


Figure 11.2 Longitudinal view of the normal sharp angle (arrow) created by the 
periprostatic fat at the base of the gland next to the vesicle. This is lost when there is 
local infiltration by cancer. 
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APPEARANCES OF ABNORMAL SEMINAL VESICLES AND EJACULATORY DUCTS 


Figure 11.3 Longitudinal view showing a barely perceptible, normal ejaculatory 


duct (measurement calipers). The two ducts are so close to each other in the central 
zone that they are difficult to separate. 


As a general rule, visualisation of the duct lumen is an indication of ejacula- 


tory duct dilatation/ obstruction. 


Transrectal ultrasound appearances of abnormal seminal 
vesicles and ejaculatory ducts 


Seminal vesicle dilatation is best appreciated in the transverse or axial view. 
Figure 11.4 demonstrates vesicular dilatation in a man with obstructive 
infertility. Note that the lumen is well visualised, and with best-quality 
probes the seminal fluid movement may be seen on probe pressure over the 
dilated structures. Occasionally even this degree of distension may merely 
represent ‘physiological distension’, and if no cause can be identified for 
obstruction or if the ejaculatory ducts are normal, the scan should be 
repeated after ejaculation. For the sake of convenience, the scan should be 
re-booked and the man asked to attend after a night of normal sexual activ- 
ity /intercourse. 

A clearly visible ejaculatory duct lumen is a very reliable sign of duct 
obstruction. Usually this is due to calculi, as shown in Figure 11.5, with an 
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Figure 11.4 Mild 
seminal vesicle dilatation 
(arrow). 


Figure 11.5 Dilated 
seminal vesicle and 
ejaculatory duct 
secondary to duct calculi 
and stricture. 


associated distal stricture. Rarely, ejaculatory duct stricture will be the sole 
finding ( ). TRUS does not indicate the degree or completeness 
of the obstruction, for which seminal vesiculography is necessary. Although 
invasive, it is our practice to confirm all cases of suspected obstruction by 
this test. The details are given in 

Tumour involving the seminal vesicles is bert appreciated by obliteration 
of the angle at the base of the gland. With more extensive infiltration, the 
vesicle is hypoechoic and the seminal vesicle epithelium and lumen 
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APPEARANCES OF ABNORMAL SEMINAL VESICLES AND EJACULATORY DUCTS 


Figure 11.6 Dilated 
seminal vesicle and 
ejaculatory duct 
secondary to duct 
stricture. This may be 
post-inflammatory in 
origin. 


obscured. The surrounding fat planes are also obliterated. Similar changes 
are seen with seminal vesiculitis. For confirmation, biopsy can be carried 


out as shown in Chapter 12. 
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12. TRANSRECTAL ULTRASOUND-GUIDED 


SEMINAL VESICLE BIOPSY, 
EJACULATORY DUCT INTERVENTION 
AND CysT DRAINAGE 


These biopsies or interventions are little different from usual prostate 


biopsy. Virtually the same equipment is used, with the biopsy needle 


replaced by a long-length (20 cm) 22 G Chiba or spinal needle as appropri- 


ate. For all these procedures full antibiotic prophylaxis should be given, and 


the general precautions detailed in Chapter 9 followed. 


Biopsy of seminal vesicles 


The technique for performing TRUS-guided biopsy of the seminal vesicles is 


described in Box 12.1. It is carried out for staging of prostate cancer. Seminal 


Box 12.1 Transrectal ultrasound-guided biopsy of the 
seminal vesicles — technique 


1. 


. The biopsy trajectory should avoid any prostate tissue, as tumour in 


. The peritoneum and small bowel loops often lie close by, and should 


4. A short core needle (1 cm length) may be necessary 


mn 


The vesicle should be biopsied as close to the base of the gland as 
possible, within 1 cm 


the gland may be confused with seminal vesicle disease; this is a cru- 
cial technical point with seminal vesicle biopsy 


be avoided 


Some surrounding fat should be included 
Empirically, it has been our observation that local anaesthetic is less 
effective at numbing the seminal vesicles. The reasons are unclear, 


and the patient should be forewarned to expect some discomfort 


TRANSRECTAL ULTRASOUND-GUIDED SEMINAL VESICLE BIOPSY 


Figure 12.1 Biopsy of 
the seminal vesicles. The 
dotted line indicates the 
biopsy trajectory, which is 
chosen carefully such that 
the prostate gland is not 
transgressed by the needle. 
Note this image is inverted, 
with the caudal end being 
the right side of the image. 


vesicle involvement upstages the tumour to T3, and curative surgery is inap- 
propriate. The technique is a simple extension of the prostate biopsy, and 
can be carried out at the same time. Routine seminal vesicle biopsy is not 
yet advocated, but in selected cases it can be informative. An example 
would be a man with a potentially curable tumour, but in whom preopera- 
tive imaging or staging has raised the suspicion of seminal vesicle invasion. 
Biopsy may confirm the absence or otherwise of tumour in the seminal vesi- 
cle, and will guide the choice of appropriate therapy (Figure 12.1). 

The value of routine seminal vesicle biopsies has not been confirmed, and 
this technique should be used selectively. 


Sampling and drainage of cysts 


Sampling may be carried out to ascertain whether a cyst contains spermatozoa, 
or for culture of its contents if infection is suspected. Drainage is indicated to 
establish whether it is causing bladder outflow obstruction. Both transrectal 
and transperineal routes have been described and used safely. Theoretically the 
transperineal route is safer as it avoids infection — an important consideration if 
the cyst contents are destined for bacteriological examination. 

Whichever method is used, a 20 cm long, 22 G Chiba or spinal needle is 
used and can be guided accurately under TRUS guidance to the cyst. Com- 
plete cyst evacuation can be achieved. 
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COMPLICATIONS AFTER SEMINAL VESICLE BIOPSY 


Drainage of prostatic abscesses 


Most abscesses will respond to systemic antibiotics, but occasionally it may 
be necessary to drain a focal collection to reduce the toxin load (see Figure 
5.10). This should be carried out using a thin needle as for drainage of cysts, 
and antibiotic coverage is essential. Drainage with larger indwelling 
catheters is not an established technique. 


Seminal vesiculography and ductography 


This is carried out to confirm ejaculatory duct obstruction. Radiographic 
facilities are necessary. The procedure is better carried out in the lithotomy 
position with the fluoroscopy unit overhead. In the left lateral position, the 
fluoroscopy unit should be rotated 90°. The bed should be tilted feet down- 
wards to aid filling of the ducts up to the orifice at the verumontanum. 

A 20cm long 22 G needle is inserted under guidance into the dilated 
structure (seminal vesicle, duct or suspected cyst) and radiographic contrast 
injected under fluoroscopic monitoring. If the duct is patent, contrast flows 
into the verumontanum and subsequently into the bladder; if not, the semi- 
nal vesicle fills and then contrast flows into the vasa and towards the testis 
(Figure 12.2). 


Complications after seminal vesicle biopsy, ejaculatory 
duct intervention or cyst drainage 


There are few published data, but in our experience complications do not 
appear to be any greater than with routine prostate biopsy, as long as similar 
safeguards regarding antibiotics and safe needle trajectories are observed. 
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Figure 12.2 Seminal 
vesiculography carried out 
under transrectal 
ultrasound and 
radiographic guidance. A 
long 22 G needle has been 
used to puncture the 
dilated seminal vesicle or 
ejaculatory duct. Contrast 
injection fills the dilated 
ejaculatory duct (ED), 
seminal vesicle (SV) and 
vasa (V), but not the 
verumontanum or bladder, 
indicating duct 
obstruction. 


13. TRANSRECTAL ULTRASOUND AND 
BIOPSY AFTER RADICAL 
PROSTATECTOMY 


The present limitations of diagnosis, patient selection and treatment mean 
that prostate cancer can be cured in only a proportion of men. Even in the 
best hands some patients will have incomplete tumour resection after radi- 
cal prostatectomy, with positive margins on histological examination of the 
resected specimen, or the PSA does not fall to a negligible rate or climbs 
after stabilising. Whatever the scenario, the clinical problem is whether 
there is tumour still present in the prostate bed or gland, as the alternative 
is metastatic tumour in the lymph nodes or bones. If further local therapy is 
still a clinical option, then ultrasound assessment of the gland/bed with 
biopsy may be carried out in selected cases. 


Transrectal ultrasound and biopsy after prostatectomy 


Radical or curative prostatectomy aims to remove the entire prostate gland 
and both seminal vesicles. The bladder neck is then anastomosed onto the 
external sphincter and membranous urethra. To preserve potency and blad- 
der control, the nerves and external sphincter are spared by careful dissec- 
tion of the neurovascular bundles and external sphincter mechanism. There 
is therefore the potential for incomplete prostate and tumour resection. 
Furthermore, even with the most careful patient selection and preoperative 
imaging, a significant number of tumours are understaged (Table 13.1). 
Partin’s tables show that even with a favourable grade, apparently early 
tumour, many will have cancer beyond the capsular margins. Consequently, 
many patients will have incomplete resection with either microscopic or 


more significant tumour left in situ. 


TRANSRECTAL ULTRASOUND AND BIOPSY AFTER RADICAL PROSTATECTOMY 


PSA (ng/ml) Extraprostatic disease (7%) Lymph node metastasis (%) 
0-4 3A | 
aO 44 2 
10-20 by) at 
>20 60 8 


Transrectal ultrasound appearances after radical 
prostatectomy 


It is to be expected that after radical prostatectomy there should be a clearly 
identified bladder—urethral anastomosis (Box 13.1, Figure 13.1). However, 
on TRUS examination the anatomy can be variable (Figure 13.2), dependent 
on the amount of postoperative fibrosis around the anastomosis. Further- 
more, fibrosis is indistinguishable from recurrent tumour as both are hypo- 
echoic. Mature fibrotic tissue is relatively hypocellular with much collagen, 
and this presents few acoustic interfaces, accounting for its hypoechogenic- 
ity. This is most obvious around the anastomosis, the very site where resid- 
ual tumour is most likely. To detect residual or recurrent tumour, more 
reliance has to be paid to the symmetry of the prostate bed and the peri- 
anastomotic tissues. In particular, tissue that reaches up to the laterally 
placed levator ani muscles is very suspicious. Colour Doppler findings have 
not been thoroughly studied, but the technique may be useful as fibrosis is 
relatively avascular compared to tumour. 


Box 13.1 Normal transrectal ultrasound appearances after 
radical prostatectomy 


* Symmetrical nature of the tapering bladder base 
e Hypoechoic area around the bladder base above the anastomosis 
e Mixed echo-texture around the anastomosis 
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TTRANSRECTAL ULTRASOUND APPEARANCES AFTER RADICAL PROSTATECTOMY 
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Figure 13.1 (a,b) Longitudinal and transverse drawings of the typical prostate bed 
after radical prostatectomy. The appearances vary greatly, in particular the 
echogenicity of the anastomotic tissues and their definition. Appearances are generally 
symmetrical, and the tissues do not reach up to the lateral side walls. 
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TRANSRECTAL ULTRASOUND AND BIOPSY AFTER RADICAL PROSTATECTOMY 


Figure 13.2 
Longitudinal view of a 
normal symmetrical 
prostate bed after radical 
prostatectomy. The 
anastomotic tissues are 
arrowed; note also the 
hypoechoic area around 
the anterior bladder base 
(arrowheads). 


Transrectal ultrasound appearances of the abnormal 
postoperative prostate bed 


Appearances that do not conform to the expected findings after prostatec- 
tomy (see Figure 13.2) should be carefully evaluated. Features that raise the 
suspicion of recurrent or residual tumour are given in Box 13.2. 
Unfortunately, the signs described are not specific enough for reliable 
diagnosis. In one study the sensitivity was only 43 per cent, and biopsy con- 


firmation is necessary in most cases. 


Biopsy of the postoperative prostate bed 


Although there are no large series on the accuracy or safety of biopsy of the 
prostatic bed, technically it is similar to routine prostate biopsy, and 
requires antibiotic prophylaxis and the general precautions as detailed in 
Chapter 9. Biopsy is best performed using the longitudinal scanning plane 
(Figure 13.6). The bladder should have been emptied, as some of these 
patients will have poor bladder neck control and temporary loss of control 
may be seen, especially if local anaesthetic is used. This should be used, as 
biopsy of the bed is more painful than ordinary prostate biopsies. A shorter 
core length needle is used to avoid hitting the pelvic side walls — 1 cm is 
ideal. Four biopsies are generally taken (Box 13.3). 
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BIOPSY OF THE POSTOPERATIVE PROSTATE BED 


Box 13.2 Findings suggestive of local recurrence after 
radical prostatectomy for prostate cancer: 


e Asymmetry of the bladder wall above the anastomosis 


Figure 13.3 Transverse/axial view showing an asymmetrical prostate bed. 
Some tissue is seen extending up to the right levator ani and pelvic side walls 
(arrowed). On biopsy, this proved to be tumour. 


Asymmetry of the anastomosis, in the transverse plane 
* Tissue reaching up to pelvic side walls (Figure 13.3) 
e Hypoechoic tissue which is vascular (Figure 13.4) 


Figure 13.4 Excessive soft tissue around the prostate bed, with a hypoechoic 
nodule (arrow). This proved to be recurrent tumour. 
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TRANSRECTAL ULTRASOUND AND BIOPSY AFTER RADICAL PROSTATECTOMY 


Box 13.2 continued 


e Overall increased soft tissue around the bed (Figure 13.5). 


Figure 13.5 Excessive soft tissue, of symmetrical echogenicity and appearance, 
around the anastomosis after radical prostatectomy. No tumour was found on 
biopsy of this tissue, but bone scan revealed skeletal metastasis. 


Box 13.3 Biopsies taken from prostate bed in cases suspected 
of having local recurrence after radical prostatectomy for 
prostate cancer 


* Two from either side of the peri-anastomotic tissues 
e Two from either side of the bladder wall/mucosa, just above the 
anastomosis 
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Figure 13.6 Biopsy of the prostate bed in suspected recurrence after radical 


prostatectomy. 
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14. TRANSRECTAL ULTRASOUND-GUIDED 
TTRANSPERINEAL PROSTATE 
BRACHYTHERAPY 


This method of treating prostate cancer, where multiple sealed radioactive 
seeds are placed into the gland to deliver a short-lived high-radiation dose, 
enough for gland ablation, is becoming increasingly common. There are 
some contraindications (Box 14.1), but its main advantage is low morbidity, 
and it requires no more than an overnight hospital stay. In some cases it may 
even be done as a day case procedure. The risks of impotence and inconti- 
nence are also less, and it is a technically simple procedure for those experi- 
enced in transrectal ultrasound. It has not been practised for as long as 
curative radical prostatectomy, but data suggest that over 80 per cent dis- 


125 is the usual 


ease-specific remission can be achieved at 10 years. Iodine 
radioactive source, and 60—100 radioactive seeds are placed, loaded into 
20—30 transperineally inserted needles. The seeds are active for up to 90 
days and the distribution of seeds is carefully calculated to achieve a high 
dose to the gland whilst sparing sensitive structures such as the bladder 


neck, external sphincter and neurovascular bundles. 


Box 14.1 Patients suitable for brachytherapy 


e PSA <25 

* Gland-confined disease (on magnetic resonance imaging) 

* Gleason grade <7; patients with grade >8 may be better treated 
with palladium seeds 

e Gland volume <50 ml 

e Absence of significant bladder outflow obstruction or previous 
history of TURP 


TRANSRECTAL ULTRASOUND-GUIDED TRANSPERINEAL PROSTATE BRACHYTHERAPY 


Technique of prostate brachytherapy 


Prostate brachytherapy has to be carried out under biplane probe guidance, 
as accurate step planimetry and transperineal needle puncture are essential 
(Box 14.2, Figure 14.1). Brachytherapy is generally a two-step procedure — 
the volume study and the actual implantation — and these are carried out a 
few weeks apart. 


Box 14.2 Equipment necessary for transperineal ultrasound- 
guided prostate brachytherapy 


* Biplane probe, capable of true transverse scanning 

e Dedicated silicone stand-off probe cover 

* Planimetry gantry for measurement of volume 

* Needle position grid 

* Software for calculating the isodose map and seed positions 


Template 


Transrectal ——==— 
ultrasound probe 


Figure 14.1 Prostate brachytherapy. Radioactive seeds are accurately inserted by 
the transperineal route, under transrectal ultrasound guidance, to previously 
determined locations. 
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TECHNIQUE OF PROSTATE BRACHYTHERAPY 


Volume study 

This stage — the planning of the seed positions and radiotherapy dose — is 
carried out in the extended lithotomy position, with a bladder catheter in 
place, to determine accurately the gland volume. From the data a three- 
dimensional model of the gland is constructed (Figure 14.2), and this is 
used to determine the coordinates of the seed positions, which are prefer- 
entially placed in the periphery of the gland. Further points to note are 
whether the bones of the pubic arch will interfere with needle placement, 
the positions of the neurovascular bundles and the overall suitability of the 
gland for brachytherapy. A heavily calcified gland will be unsuitable, as visi- 
bility will be reduced. 


Implantation 

This is carried out in an extended lithotomy position, under general or 
spinal anaesthesia. The bladder is catheterised and the probe adjusted until 
the same gland position and shape as in the volume study are replicated. The 
loaded needles are then advanced in turn to the predetermined coordinates, 
and the seeds are inserted (Figure 14.3). At the end of the procedure the 


Figure 14.2 A three-dimensional model of the prostate gland generated from axial 
ultrasound images taken during the ‘volume study’ for planning of prostate 
brachytherapy. The seminal vesicles and urethra are shown, as well the locations of 
the radioactive seeds to be implanted. 
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Figure 14.3 An axial 
image showing 
implantation of 
radioactive seeds for 
prostate brachytherapy 


(arrow points to a seed). 


Figure 14.4 A 
radiograph of the 
implanted radioactive 
seeds for prostate 
brachytherapy. 


scan is repeated to assess the adequacy of seed placement, and any addi- 
tional seeds are inserted as necessary ( ). 

The catheter is removed after a few hours or the next morning, and the 
patient can be discharged once normal micturition occurs. Postoperative 
pain is minor, but a degree of bladder frequency is commonly seen for the 
next few weeks or months. This is owing to the dose to the urethra, and, 
rarely, a few weeks of bladder catheterisation may be necessary. 
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APPENDIX A PATIENT INFORMATION 
SHEET GIVEN AT THE TIME OF BOOKING 
OF TRUS = BIopsy 


Transrectal ultrasound (TRUS) of the prostate gland 


You have been booked to have a scan to examine the prostate gland. This 
involves a small probe, about the thickness of a finger, which is inserted into 
the back passage and feels like the finger examination you will have had in 
the clinic. The probe looks directly at the prostate, and the scan is viewed on 
a monitor 

You may also have been booked for a prostate biopsy after the ultrasound 
examination. Biopsies are small pieces of the gland removed for laboratory 
examination. They are taken with a small needle. We give local anaesthetic 
before they are taken, so they do not cause more than mild discomfort. 

If a biopsy has been requested, you should have been provided with antibiotics and 
should follow the instructions below. 

Antibiotics are given to reduce the chances of infection after the biopsy. 
The antibiotics start about an hour before the scan and run for 2 days after- 
wards (see instructions below). 

You should tell us if you are on any medicines to thin the blood (i.e anticoagulants 


such as warfarin), or if you have any heart valve problems. 
y y P 


Before leaving home on the day of the scan 

One hour before your appointment time you should take the first antibiotic 
tablet by mouth and insert the suppository into the rectum. It is helpful if 
you are able to empty your bowels before putting in the suppository. You 
can eat and drink normally. 


After the biopsy 
You should have four tablets left. They should be taken one tablet twice a 
day until the course is completed. 

You may notice a small amount of blood in the urine, bowel motion or 


sperm for the next 3—4 days. Occasionally it can persist for up to a week, 


APPENDIX A 


but if it is heavy (e.g. fills the toilet pan after opening bowels and is difficult 
to flush away), or you notice pain on passing urine, or a fever, shivering or 
severe abdominal pain, you should contact your family practitioner or urol- 
ogist for advice. 
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APPENDIX B PATIENT INFORMATION 
SHEET EXPLAINING [TRANSRECTAL 
ULTRASOUND-GUIDED PROSTATE 
BIOPSY, GIVEN TO PATIENTS PRIOR TO 
REQUESTING WRITTEN CONSENT FOR 
THE BIOPSY 


Transrectal ultrasound-guided prostate biopsy 


Transrectal ultrasound prostate biopsy is a way of examining the prostate 
gland and taking small samples of the gland for laboratory examination. The 
ultrasound probe is the size of a finger and is inserted into the rectum (the 
prostate gland lies in front of the rectum). Following this, a clean needle is 
attached to the probe, allowing accurate biopsy of the gland through the 
rectum. It is routine for at least eight biopsies to be taken. In some patients, 


more may be necessary. 


Side effects 
Side effects of the procedure are infection and bleeding, and both are 
uncommon. The antibiotics you have been given prevent infection. After the 
procedure you will almost certainly notice some blood in the urine, bowel 
motions and in the sperm for 3—4 days. This is to be expected, but if you are 
taking warfarin or other anticoagulant tablets to thin the blood, please 
inform the doctor or nurse. 

The biopsies are uncomfortable, and commonly a jolt-like sensation is 
felt, but most patients do not find them painful, as we use local anaesthetic. 

Any further problems are very uncommon, but if you develop a burning 
pain on passing urine, a fever, shivering, severe abdominal pain or heavy 
blood loss, either see your family practitioner or contact the urology team 
through the hospital switchboard. 

You will be asked to sign a consent book prior to the biopsy, and if you 
have any further questions or queries please ask the radiologist in the ultra- 


sound room. 
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